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Suggestions for Contributors 


The Journal of Bone and Joint Surgery welcomes contributions of interest to orthopaedic surgeons from 


all countries of the world. 
Manuscripts offered for publication in the American Volume should be sent to the Editor, The Journal of 


Bone and Joint Surgery, 8 The Fenway, Boston 15, Massachusetts. 
Manuscripts submitted for publication in the British Volume should be sent to the Editor, The Journal 


of Bone and Joint Surgery, 82 Portland Place, London, W. 1, England. 


Instructions to Contributors to American Volume 


All articles are acknowledged as soon as received, and a reply is sent as to their disposition as soon as 
possible after that date. Since the manuscripts are read by members of the Board of Associate Editors and 
often are discussed at the meetings of the Board, there may be unavoidable delay. 

Articles are accepted only with the understanding that they are contributions exclusively to this Journal. 


Manuscripts 
All manuscripts should be typewritten, with double spacing and good margins. The original should be 
submitted, the author keeping a copy, as the original of an accepted article will not be returned. 
Figures under 100 should be written out, except when used for percentage or degrees, or where deeimals 
are involved. 
When direct quotations are used, they should include the exact page numbers on which they appeared in 
the book or article from which they were taken. 
A list of legends for the illustrations should be included. 
The bibliography should include only references mentioned in the text. It should be double spaced and 
arranged alphabetically, and the following forms used: 
Reference to an article: author’s name and initials, title of the article, name of periodical, volume 
number, inclusive pages, and year of publication. 
Reference to a book: name of author and initials, title of book, edition number, city of publication, 
publisher, and year of publication. 
Accuracy in the preparation of bibliographies will save much time and correspondence. 


Illustrations 
Careful consideration must be given to the number of illustrations accepted with each article. It is 


seldom necessary to republish illustrations. 

Good illustrations in The Journal are only possible from good copy. Black and white glossy prints of 
photographs should be furnished. Direct-contact glossy prints from the original roentgenograms should be 
submitted. These usually reproduce more satisfactorily than do prints from secondary negatives. 

The magnification of all photomicrographs should be given. 

Original drawings should be furnished; photographs of drawings do not reproduce well. If there is print- 
ing on the drawings, it should be large enough to be readable after the necessary reduction. 

All drawings and lettering on prints should be done in black India ink. Dates, initials, et cetera should 
be included in legends rather than inscribed on the face of the prints. Charts should be done in black India 
ink and the originals should be submitted, rather than photographs of the charts. 

Prints should be submitted either unmounted or mounted with rubber cement. Many illustrations have 
to be discarded because they are defaced with paste or glue. 

All illustrations should be numbered, the top plainly indicated, and the author’s name written on the 


back of each. 
If it is necessary to reproduce an illustration which has appeared elsewhere, full information should be 
given as to the previous publication, with a statement as to whether or not permission has been obtained to 


reproduce the illustration. 


Copyright 

Material appearing in The Journal is covered by copyright; but, as a general rule, no objection will be 
made to the reproduction in reputable medical journals of anything in these pages, provided that permission 
has first been obtained from The Journal and that proper acknowledgment is made. 


Original Articles 
Papers will be accepted only for exclusive publication in this Journal, which does not officially endorse 


the opinions presented in the different papers. 
Articles and their illustrations become the property of The Journal. 
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Denis Browne Splints 
These splints have been made b y Jipnumerv 


according to the design and measure- # 

ments supplied by Mr. Denis Browne, : 
F. R. C. S. England, Surgeon to the 

hospital for Sick Children, Great 

Ormond St., London. For details of 
diagnosis, prognosis and treatment, we Talipes Hobble 

refer the surgeon to Mr. Denis Browne's 4 Splint 

chapter in Maingot’s “Techniques in No. 577A, large, 61” bar, 5” foot plate. 
British Surgery,”’ published by No. 5778, medium, 515” bar, 4” foot plate. 
W. D. Sanders Co., Philadelphia, 1950. No. 577C, small, 41” bar, 3” foot plate. 


First Stave Final Stage 


Valgus Talipes Splint 


No. 578A, large, right or left, 5” foot plate 

No. 578B, medium, right or left, 4” foot plate 

No. 578C, small, right or left, 3” foot plate 

(In ordering, please specify whether right 
or left is required.) 


Infant 
Scoliosis 
Splint Congenital -Dislocatlon-of-Hip 


No 698 Splint 
This light, aluminum frame No. 780A, large, adjustable frame, 13!” to 
holds the child with the spine 1614” (outside measurements). 
in the reverse curve from the No. 780B, medium, adjustable frame, 1144” 
one with which it was born, to 1314". 
but otherwise allows free No. 780C, small, adjustable frame, 914” 
movement. It has these ad- to 1119”. 
vantages over the usual plas- Splint applied posteriorly with dotted 
ter of paris bed or shell lines showing range of movement permitted. 


ZIMMER MANUFACTURING CO. WARSAW, IND. 


In Canada Available through selected surgical supply dealers 
or through our Agents, Fisher & Burpe, Ltd. 


Look for the trademark ® 
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No. 975 
$100.00 


as shown 


Operating 
Room Model 


Automatic quick inflation of cuff 


The pressure is governed by the control knob to 
desired setting on the dial and is absolutely main- 
tained constant until changed by turning the control 
knob or released by pushing the ON-OFF valve 


For the first time the pressure may be varied at will 
during surgery 


Reliable in maintaining set pressure. No danger 
of loss of pressure, even if Freon container is 


removed or changed. No need constantly to watch 
accurate dial 

Safe Freon used 1s non-toxic and non-inflammable 
Slow release is assured to minimize shock from too 
sudden drop in blood pressure. 


Available for children. 


Special children’s cuffs which are available, plus the 
complete control of pressure, make this tourniquet 
of great value in pediatrics. ; 


Robbins Blood Pressure Unit 


An entirely new type of cuff, a new gauge and 
a new method of finger-tip bulb control com- 
bine to speed and simplify the taking of blood 
pressure by you, by your assistant and even 
by your patient. 


as shown 


Field Unit 
1 Convenient cloth carrying pouch with instruction tag. 


2 Inflatable cuff, 3” wide, covered with dirt-resistant, 
easily cleaned, woven fabric. 


3 Cloth strap, 23” long, for wrapping cuff and itself 
aroung limb 


4 Metal fastener with three teeth to hold strap in 
position under pressure. 


5 Metal fastener of strap to cuff. 
6 Pressure release valve. 
7 Body of instrument containing regulator mechanism. 


ZIMMER MANUFACTURING CO. WARSAW, IND. 


In Canada Available through selected surgical supply dealers 
or through our Agents, Fisher & Burpe, Ltd. 


8 Off-On button. 
9 Cartridge container. 
10 Standard CO, gas cartridge. 


as shown 
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FOR PLASTIC AND RECONSTRUCTIVE SURGERY 


@ CUSTOM-MADE SKULL PLATES. Pro- 
duced accurately to the size, custom and 
shape as specified by the surgeon. Five 
sizes of ready-made Hoen-type skull plates 
are also available. 


@ ELBOW PROSTHESIS. One of the num- 
erous endoprotheses custom made to 
serve a patient's specific need. Vitallium 
bone end replacements have avoided am- 
putations and flail limbs in many cases. 


© ORBITAL IMPLANTS. Hollow, light- 
weight Vitallium spheres for implantation 
in Tenon’s capsule, following enucleation. 
The dimpled surface facilitates retention of 
the implant and aids in obtaining motility. 


© EAR MOLDS. Well-shaped, normal ap- 
pearing ears may be developed by means 
of pre-forming living human cartilage in 
these Vitallium molds. 


© TESTICULAR IMPLANT. Implantation 
of this hollow, inert, Vitallium replace- 
ment is indicated for cosmetic reasons or 
to lessen psychic trauma. 


@ NASAL SKELETAL SUPPORTS. Aids in 
improving cosmetic conditions and for sup- 
port for the ridge of the nose after surgery. 


@ JAW REPLACEMENTS. More nearly 
normal physiognomy is maintained and 
mental outlook is aided by the restoration 
VITALLIUM appliances serve many needs in of mandibular sections following severe 
plastic and reconstructive surgery. The items ‘#¥™4 OF radical surgery. 

illustrated here have been made to the ideas @ JAW SPLINTS. Thin, easily contour- 


and specifications of outstanding surgeons, work- _able bone plates designed to reinforce bone 
tes graftsin repairing fractures of the mandible. 
ing in various specialties. 


Except for the custom-made skull plates and @ NASO-LACRIMAL DUCT TUBES. Used 
to restore and maintain the patency of the 
bony naso-lacrimal duct following stricture 
sity be made to order, all of the appliances shown or obstruction that does not respond to 


above are available from stock. conservative measures. 


ORDER THROUGH YOUR SURGICAL DEALER ® by Austenal Laboratories, Inc, 


the various endoprotheses, which must of neces- 


24 EAST 39th STREET + NEW YORK 16, N. Y. 
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LIVINGSTON 


@ Vitallium intramedullary bars are short in 
length, with adequate strength to effectively 
prevent rotation and flexion of the bone frag- 
ments while maintaining longitudinal align- 
ment. The Livingston type bar, now in use over 
five years, has been successfully employed 
in the reduction of fractures of the femur, 


humerus, tibia, ulna, radius and clavicle. 


® by Austenal Laboratories, Inc. 


STENAL 


STREET 


24 EAST 39th 


STRONG INERT COMPATIBLE 


INTRAMEDULLARY BARS 
TYPE 


Order through your surgical dealer 


LABORATORIES, INC. 
SURGICAL DIVISION : 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 


ADVANTAGES 


1. Provides Secure 
Support... 


2. Less Extensive 
Surgery... 


3. Shortens Operative 
Procedure... 


4. X-Ray Control 
Unnecessary... 


Permanent implantation of the intramedullary 
bar is possible due to its compatibility within 
the living tissue. Complete inertness of the alloy 
used in Vitallium Surgical Appliances is respon- 
sible, in a large degree, to the confidence sur- 
geons have demonstrated over the years in the 
creation of new applications in which Vitallium 


appliances have played an important role. 


~NEW YORK 16,N.Y.: 
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There is a BIG DIFFERENCE 


between steel braces and 
UNITED STATES solid 
ALUMINUM BRACES 


Aluminum braces compare with the strength 
of steel braces and plus added light-weight 
quality make them ideal tor permanent 


wearers. 
United States braces are manufactured 

from solid aluminum 24 S. T. bar stock. 

Buffed finish eliminates plating time Part No. 118 

and costs, thereby speeding up deliv- 

ery and service to your patients. 


aluminum ball-bearing 
DROP-LOCK BRACE 


Part No. 118 

Vs x %” bar size—24 S. T. aluminum 

Part No. 133 

Vs x %” bar size—24 S. T. aluminum 

Part No. 153 Part No. 160 


Ve x %” bar size—24 S. T. aluminum 


aluminum new style 
FRENCH LOCK BRACE 
Part No. 160 


Ve x %” bar size—24 S. T. aluminum 
Part No. 161 


Vy x %” bar size—24 S. T. aluminum 

QUALITY | Specify and use 
aluminum braces 
manufactured by 


UNITED STATES 7//anufacturing COMPANY 


MANUFACTURERS of ALUMINUM and STEEL BRACE and ARTIFICIAL LIMB PARTS 
3453 Glendale Boulevard, Los Angeles 39, Calif. 
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lumbar vertebrae, magnified sagittal sections 


The vital role that estrogen and androgen play in the preparation and 
recalcification of bone matrix readily explains why declining sex hor- 
mone production which accompanies aging is most frequently the cause 
of osteoporosis. Note typical atrophic changes characteristic of post- 
menopausal osteoporosis (fig. 1) in contrast to normal bone matrix 
(fig. 2). Reifenstein* is of the opinion that some degree of osteoporosis 
is almost “physiologic” after the menopause, and that clinical osteopo- 
rosis may be found in about 10 per cent of women over 50 years of age. 


With combined estrogen-androgen therapy, “pain in the spine and other 
bones is relieved considerably or completely in a matter of weeks to 
months,” and with extended periods of treatment, the prognosis for bone 
recalcification is good.* 


Combining both estrogen and androgen, “Premarin” with Methyltes- 
tosterone provides a dual approach for maximum efficiency in treating 
osteoporosis. A brochure outlining full details of therapy is available 


at your request. 
*Reifenstein, E. C., Jr., in Harrison, T. R.: Principles 4 
Internal Medicine, Philade Iphia, The Blakiston Company, 1950, p. 655 


“Premarin” with Methyltestosterone is supplied in two potencies: the 
yellow tablet (No. 879) contains 1.25 mg. of conjugated estrogens equine 
and 10 mg. of methyltestosterone; the red tablet (No. 878) contains 
0.625 mg. and 5 mg. respectively. Both potencies are available in bottles 
of 100 and 1,000 tabiets. 


“PREMARIN with METHYLTESTOSTERONE 


for combined estrogen-androgen therapy 
New York, N. Y., Montreal, Canada 
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“GETTING ACQUAINTED” 
Is the Step 


re INFIDENCE and cooperation 


follow. For over three decades, more 


Non-Metallic and more of the medical profession 
Muscle-Building have been getting acquainted with 
Arch Cushions Kleistone appliances for the care and 
correction of ailing or deformed feet. 

y/ These doctors know from experience 

S e that they can rely on our skilled 
technicians to solve difficult’ prob- 
lems — to fashion correct orthopaedic 
appliances with the greatest skill and 
accuracy — to cooperate in achieving 


Posture Plates 


\ desired results. 


Free catalogues available upon request 


KLEISTONE RUBBER COMPANY, Inc. 
Established 1919 
Warren, Rhode Island, U. S. A. 
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BISHOP 
EXPLOSION: PROOF 


Electric 
BONE SAW 


Here’s ASSURED SAFETY in a saw 
that both oscillates and rotates! 


At last here’s a fully explosion-proof surgical saw 


with foot control that retains all the advantages of 


oscillation and rotation. 


@ Fully conforms to safety requirements for Class 1, 
Group C, Hazardous Locations. 


© Approved by Underwriters’ Laboratories, Inc. for 
use in locations containing highly combustible anes- 
thetic agents 


@ All blades, attachments and accessories used with 
the original Bishop Orthopedic Electric Bone Saw 
are interchangeable with this new explosion-proof 
unit. 


Comp let e 


OUTFIT INCLUDES 


Explosion-proof Motor Unit 

Explosion-proof Variable- 
Speed Foot Switch 

Special Extension Cord with 
Fittings 

Arbor complete with 2 Circular 
Saws 

2 Curetting Burrs 

6 Slotting Burrs 

4 Twist Drills 

Jacobs Chuck Key 

2” Oscillating Saw Blade 

Cut-away Oscillating Blade 

Oscillating Bone Scoop 

Single Blade Arbor 

End Wrench 

2 Bristo Wrenches 

Fitted Case 

Operating Instructions 


Available through surgical supply dealers 


UIPMENT CO. 


INDIANA 


SPLINTS + FRACTURE EQUIPMENT - SMo INTERNAL BONE APPLIANCES - BONE INSTRUMENTS 
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Sabel’s * Open Toe Pre-Walker Club Foot Shoe 


* This latest Pre- a ITS CARRIED IN 
Walker Club Foot fer INFANTS STOCK 

shoe will allow for 
closer fittings. It 
will enable you to 
see that the toes 


The Pre-Walker 
Surgical shoe with 
OPEN TOR, the 
matching shoe 
where only one 
foot requires the 
Pre-Walker Club 
Foot Shoe. 


are in correct posi- 

tion, and that the 

heel is well down 
in the shoe. 


holds heel down Sole removed to 
into place = ; show flat steel 
AN late extending 
~ rom heel to toe 


LEFT 


Tis Pre-Walker Club Foot shoe is designed and made for infants to be worn until the 
child can stand or walk alone. The “‘“PRE-WALKER” Club Foot shoe can be worn by 
the infant at all times, and also can be kept on while the child is in bed. Its function is 
to keep the foot in the exact position that the physician has obtained. 
As the infant progresses to the point of walking or standing alone and further correc- 
tions are required, then the regulation Sabel Club Foot shoe can be used until the fixa- 


tion desired has taken place. 


THE COMPLETE SABEL LINE WILL BE ON DISPLAY AT THE AMERICAN ACADEMY 
OF ORTHOPAEDIC SURGEONS CONVENTION, BOOTHS 82 & 83, HOTEL STATLER, 
LOS ANGELES, CALIFORNIA, JANUARY 29 thru FEBRUARY 3, 1955 


I. SABEL, Inc. 


1207 Chestnut Street Philadelphia 7, Pa. 
BOOKLET WITH COMPLETE DETAILS ALSO DEALERS’ NAMES UPON REQUEST 


Made Exclusively by 
THOMPSON BROS. SHOE CO., Brockton, Massachusetts 
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FOR BETTER SURGERY... 
Fracture Appliances by BOWEN 


— 


Angle Drill Attachment / Retractor for the 


For Luck Bone Saw ky Glendid Fossa and Tibia 


Designed Especially for the WIR Type 440 C Stainless Stee! — 
Bankhart Operation Swedish Hand Forged 


| 
Excellent for bone Used in the Bankhart Operation in 
surgery at difficult an- conjunction with the Angle Drill 
gles and in restricted Attachment, the opening in the Re- 
areas requiring use of . tractor provides easy accessibility 
drills, curetting burrs, for drilling. Ideal for work on tibia 
slotting burrs. Rigidly and fibula when pre-drilling is re- | 
constructed, light in quired. The bone may be held in 
weight. Entire unit the Retractor with the opening 
may be sterilized. Two allowing clearance for the drill. > 
349 inch diameter High When applying screws and bone 
Speed Drills supplied with each attachment. plates, the hee yp oa enables the 
= . surgeon to hold the bone in proper position, 
Easily attached to Jacobs chuck with key one end of screw to clear a the open- 
A hole in the end of the drill bit is provided so ing. Also for work on the ulna, radius, humerus 
that the suture can be threaded and pulled and other bones. Its long handle permits ample 


through with the extraction of the drill. clearance for surgeon’s work. 12”’ overall. 


LEG 
EXERCISER 


Designed to assist in passive abduction after cup arthroplasty, rehabilitation of paraplegics, and 

many other cases requiring weight controlled exercises. 

° “~— Construction—Relatively Light in © Foot and Heel of Exerciser Covered With Foam 
‘eight Rubber 

© Moves Freely on Ball Bearings in All Directions —¢ Exercising Board 14’’ x 48’’, Hinged at Center 

e Protractor Adjustment for Foot Angle Control and Angled to Approximate the Are Scribed 

e 4 Weight Attaching Eyes at Different Levels by the Legs 


Hew! "DISPENSER 


e / For the dispensing of alcohol and 
‘ other cleansing liquids. 
Patent Applied For 


@ Quick Acting @ Unbreakable « Will Not Tip 
e Easily Operated With One Hand 
e To Use, Just Press on Metal Plate! ony $1.50 


BOWEN & COMPANY, INC. serutspa, marvLAND 
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perfeet 
performance_ 


in 
back 
supports 


especially 
developed 
y 


MODEL 430 EHS Lumbo-sacrai support incorporating traction and 
two-semi rigid steels. Three pull straps control 
traction; upper straps control lumbar region sup- 
port, lower strap (attached to uplift panels in 
front) controls traction through trochanter area, 

increases lower abdominal support. 


TRUFORM anatomical supports include a wide selection of lumbo-sacral 
garments. Since TRUFORM sacral supports are designed and developed under professional 
supervision, they can be prescribed with confidence. TRUFORM's versatility gives the exact degree 
of support for a variety of conditions characterized by low back pain. All TRUFORM supports 
provide comfortable and effective immcbilization of the lower spine for the wearer, in any position. 


TRUFORM supports are available to your patients only through ethical Surgical 
or Prosthetic appliance houses or Orthopedic dealers. Therefore, your patients can be sure that 
each garment is correctly fitted by a trained technician. 


Write today and reserve your copy of the 
new TRUFORM Red Book now available. 


T A U F () A M anatomical supports 


3960 Rosslyn Drive, Cincinnati 9, Ohio 
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COmMmeE 


far...so fast 


(Brand of lidocaine’ hydrochloride) 
ASTRA 


In a recent summary” of the local anes- 
thetics at present available to clinicians, 
Xylocaine is described as being one of the 


Council Acceptance is 
your assurance of 
high professional 
standards. most satisfactory. At the same time it has 


been hailed as a significant rival to pro- 
caine, its relatively recent introduction 
notwithstanding. 


*U.S. PAT. NO. 2,441,498 


Grav, T. C. and Geddes, 1. C., 
J. Pharm. and Pharmacol., 
689-114 (February) 1954 


Write for 200 reference bibliography 
available to physicians on request. 


ASTIRA PHARMACEUTICAL PRODUCTS, INC. 


Neponset Street Worcester, Mass. 
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NEW STAINLESS STEEL INTRAMEDULLARY 
FEMORAL HEAD-NECK PROSTHESIS 


M-1776 * Leinbach Modification of J. Gosset Type 

* Restores normal length of femoral head and neck. Eliminates 
torsion and tipping. 

* Allows reconstruction of normal anteversion. 

* Allows distribution of pressure in a vertical plane over a Cat. No. M-1776 
large surface and weight bearing at a more vascularized —_j| Metal Prosthesis 
part of the femur. made of SMO Steel 

* Less bone absorption. 

Indications: * Old fractures with great loss of head and 

neck. * Fresh fractures in some circumstances. * Neoplasm. 

* Old cases of Perthes Disease. * Bone absorption” of the 

femoral neck. 


M-1776 © With Driver-Extractor in 
position on top of neck 


Standard Head Sizes 


43 mm.—45 mm.—47 mm.—49 mm. 
Stem length: 8’ or 20 cm. 


Eccentric right or left stem 


e TECHNIQUE BULLETIN UPON REQUEST e 


AMERICAN OSSACRYL COMPANY 


15_PARK ROW, NEW YORK CITY 
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American Academy of Orthopaedic Surgeons 
SPENCER EXHIBIT 
January 29 - February 3 


BOOTH 102 
Los Angeles 


SEE FOR YOURSELF 


that no case is too difficult 
for SPENCER DESIGNERS 


Designed-to-order to meet the needs of the in- 
dividual patient, Spencer Supports for abdo- 
men, back and breasts—for men, women. 
children—are prescription items. Let trained 
attendants at Booth 102 show you how Spen- 
cer can assist in the treatment of your patients 
—and save you time and bother, too, And if 
you cant attend the convention, send the 
coupon below for free booklet on Spencer 
Supports and their uses. 


SEE Spencer's new Pubo-Thoracic Support 
for extreme forward flexion cases (shown in 
photograph at far right). See Spencer Sup- 
ports recommended for other orthopaedic con- 
ditions and disabilities, See features like the 
Spencer Abdominal Spring Pad, Outside Pel- 
vic Binder, removable rigid steels, non-slip 
straps and slides fastenings. See documented 
case abstracts of doctors’ patients, 


SEE FOR YOURSELF that no case is too difficult for Spencer individual designing. 


Send coupon for YOUR free copy—or 
PHONE a dealer in Spencer Supports 
(see “Spencer Corsetiere.” “Spencer 
Support Shop,” or Classified Section) 
for information, 


SPENCER 


SPENCER, INCORPORATED 

19 Ellsworth Ave., New Haven 7, Conn. 

Canada: Spencer, Ltd., Rock Island, Que. 

England: Spencer, Ltd., Banbury, Oxon. 

Send FREE booklet, ‘Spencer Supports 
in Modern Therapy.’ 


individually designed supports 
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simple, comfortable, effective 


CAN BE USED IN CASES OF: arthrities, fibrositis, brachial 
neuropathy, radiculitis, the meck-shoulder-hand syndrome, 
muscle injuries and subluxation of vertebral articular facets. 


HELPFUL IN: taking X-rays in cases of acute injuries, in infec- 
tions, exposure to cold and dampness, neurologic lesions, polio- 
myelitis, and post-operative care. 

HAS BEEN USED: in cases of certain ear conditions, in cases 
where casts or braces were formerly used, in occipital neuritis 
and painful swallowing. The Lewin Cotton Collar has also 
been used in conjunction with the Jackson Pillow or head trac- 
tion or with the Tractolator. 


SUPPORTS, PREVENTS FURTHER INJURY, PROTECTS AGAINST 
DRAFTS. HELPS RETAIN BODY HEAT, COMFORTABLE. CRE- 
ATES MILD TRACTION, REMINDS PATIENT TO BE CAREFUL. 


* As described in THE JOURNAL OF THE AMERICAN MEDICAL 
ASSOCIATION, Vol. 155, No. 13, July 24, 1954. 


S. H. CAMP AND COMPANY, Jackson, Michigan 
World's Largest Manufacturers of Anatomical Supports 
OFFICES: 200 Madison Ave., New York; Merchandise Mart, Chicago 
FACTORIES: Windsor, Ontario; London, England 
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broad-spectrum antibiotic 


Brand of tetracycline 


is now avatlable on preseription from 


Pfizer) Laboratories, bivision, chas. Pfizer & Co., Inc. 


For well-tolerated world’s largest producer of antibioties, 
therapy of such common & 
infections as: 


discoverers of oxytetracveline and 


Pneumococcal infections, 

the first to deseribe the structure of 
or without bacteremia; 
streptococcal infections, 
with or without bacteremia, 
including follicular 
tonsillitis, septic sore broad-spectrum antibiotic therapy. 
throat, scarlet fever, 7 
pharyngitis, cellulitis, 

urinary tract infections 


tetracveline. nucleus of modern 


due to susceptible organisms, Tet racvn Is supplied as ( apsules, 

and meningitis; many 

staphylococcal infections, Pablets. Oral Suspension (chocolate 
with or without bacteremia, : 

including furunculosis, flavored), Pediatrie Drops (banana 


septicemia, abscesses, impetigo, 
acute otitis media, 

ophthalmic infections, 
susceptible urinary tract 


flavored), Intravenous. Intramuscular, 


infections, bronchopulmonary Ophthalmic Ointment, and Ointment 
infections, acute bronchitis, 

pharyngitis, laryngotracheitis, (te l). 

tracheobronchitis, sinusitis, 

tonsillitis, otitis media, HTRADEMARK 


and osteomyelitis; 
certain mixed bacterial 
infections; soft tissue 


infections due to P = 
susceptible organisms. / £=CT PFIZER LABORATORIES, Brooklyn 6, N. Y. 


Division, Chas. Pfizer & Co., Inc 
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THE ELECTRIC 


Patent Pending 


BONE DRILL AND SCREWDRIVER 


Screw Driving and Removing 


Inserting Steinman Pins 
and Kirschner Wires 


Intramedullary Reaming 


USED FOR: 


CONTROLLED SPEED DRILLING 
AND CURETTING 


DRIVING AND REMOVING BONE SCREWS 
DRIVING AND REMOVING HIP SCREWS 


INSERTING STEINMAN PINS 
AND THREADED PINS 


INSERTING KIRSCHNER WIRES 


MEDULLARY CANAL 
REAMING 


@ TROCHANTER REAMING 


@ ACETABULUM REAMING 
(FOR PROSTHESIS) 


@ CRANIAL BURRING 
@ ROTARY SAWING 


THE RICHARDS ELECTRIC BONE DRILL 1s a well-balanced, pow- 
erful, yet light weight precision instrument designed to reduce the labor 
and time element for the surgeon. Various possible uses are illustrated. 
Easily sterilized by autoclaving. It may be used either with or without 
the right angle head. The drill motor without the right angle head de- 
velops a maximum speed of 1100 RPM with an approximate power rat- 
ing of 44 HP. The drill motor unit is complete with 4” chuck. The right 
angle head is cannulated so that threaded pins or wires can extend through 
it. A chuck at either end provides both clockwise and counter-clockwise 
rotation. Powerful gears reduce the speed to 550 RPM maximum in the 
right angle head, the correct speed for drilling bone. Nearly 3% horse- 
power is developed here even at the lowest speeds. THE RICHARDS 
BONE DRILL is unconditionally guaranteed for one year against defects 
in workmanship and material. 


FOR DETAILED INFORMATION, WRITE: 


RICHARDS MANUFACTURING CO. 


756 MADISON AVE. MEMPHIS TENN. 


Cranial Burring Hip Reaming 
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You'll be glad to prescribe 


Alden-Pedic lasts are de- 
signed to accommodate your 
prescribed corrections and 
insertions. Extreme sizes 
stocked. Many styles avail- 
able for men and boys. Top 
quality only. 


SCIENTIFIC CONSTRUCTION 


e Long inside counter 

e Heavy gauge ribbed steel shank 

e Right and left angled heels, 
long inside 

e Patented bottom filler pre- 

vents insole lumping 


Alden-Pedic lasts and shoes have been scientifically designed and tested to 
accommodate specific and general degrees of foot disabilities. Doctors who 
become familiar with the functional merit of this program will be glad to 
prescribe these shoes as a foundation in the treatment and correction of 
foot disabilities. We do not claim that these shoes will correct abnormal 
foot conditions, but they will provide the types of basic footwear necessary 
as a foundation in aiding foot trouble and in offering foot comfort. We 
know you will be glad to recommend them. 


FOR BOOKLET AND NAME OF NEAREST DEALER, WRITE 


C.H. ALDEN SHOE COMPANY 


BROCKTON, MASSACHUSETTS 


Custom Bootmakers Since 1884 
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Ease of application 


Transparency 


an 


redressing 


Face laceration with 
Aeroplast healed in four days.- 


Bilateral inguinal hernia incisions 
protected by Aeroplast 4th post- 
operative day.! 


Thoracotomy wound completely 
healed 13 days after operation 
end dressing with Aeroplast.! 


Aeroplast dressing is peeled off 
like a glove 12 days after 2nd 
degree burn. 


distinguish 


AEROPLAST” 


Brand of Vibesate 
; SURGICAL DRESSING 


Sprayed directly onto the lesion from an aerosol 
bomb,” Aeroplast forms a protective plastic film 
dressing over any body contour. Aseptic lesions 
remain sterile as long as the dressings are intact. 
Aeroplast dressings are impermeable to bacteria. 
To remove, Aeroplast is simply peeled off. 


Rigler and Adams! dressed 110 operative wounds (including 
thoracotomies, laparotomies, inguinal hernias and miscellaneous 
lesions) with Aecroplast. “A single application sufficed in all 
but fifteen cases. No instances of systemic or clear-cut reactions 
were observed. Satisfactory results, with no evidence of 
erythema, infection, or necrosis were obtained in the majority 
of cases.” 
In 39 miscellaneous wounds dressed with Aeroplast (including 
appendectomies, open reduction of fractures, skin graft donor sites, 
lacerations, excoriation), Choy” reports infection in only one 
case, which promptly cleared with redressing, and uneventful 
healing in all others. 

1. Rigler, S. P. and Adams, W. E.: Experience with a new sprayable plastic as a 


dressing for operative wounds, Surg. 36:792 (Oct.) 1954. (University of Chicago 
Clinics, Chicago, Surgical Service). 


2. Choy, D. S. J.: Clinical trials of a new plastic dressing for burns and surgical 
wounds, Arch. Surg. 68:33 (Jan.) 1954.(Bellevue Hospital, New York, Third Surgical 
Division—Dr. John Mulholland, chief). 


Supplied in 6 ox. aerosol-type dispenser 
through your prescription pharmacy or surgical dealer, 


For reprints and literature write to: 


4 6, 802, CORPORATION 


422 DELLROSE AVENUE, DAYTON 3, OHIO 
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CAST CUTTER 


Here is the efficient and speedy cutter for cut- 
ting a window, bivalving, or removing a com- 
plete cast. Maximum convenience and safety 
is assured because the Stryker Cast Cutter 
cuts plaster by the unique principle of high- 
speed oscillation. No depth-gauges are re- 
quired. You save precious minutes, and spare 
the patient needless pain and discomfort. In- 
quire today about these time-saving features, 


WALKING HEELS 


The rounded, rocker action of heel simplifies 
walking for the patient. Heels are light 
weight, easy to apply, easy to mold, and so 
inexpensive they may be discarded with the 
cast. Exclusive keystone wedge shaped design 
locks the Stryker heel in the plaster. Will not 
loosen or push through the cast. Child size 
heel aids the infant in balance and prevents 
marring of floors. 


Write Dept. B for complete information 
ORTHOPEDIC FRAME COMPANY 
Kalamazoo Michigan 
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EXTRA-FAST-SETTING 


For clubfoot, fore-arm and 
other casts where an extremely 
fast-setting bandage is desired. 
x3yd. x3 yd. 
3" x3yd. x3 yd. 


A 
% 
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BANDAGE 


For walking-boots, long-term casts—and wherever maximal strength, 
minimal weight and effective moisture-resistance are essential. 
3"’ x 3 yd. 
A" x3yd. x3 yd. 
4" x5yd. x Syd. 


FAST-SETTING 
The bandage of choice for all 
general cast work. 

2" x3yd. 5S’ x5 yd. 

x3 yd. x Syd. 

4A’ x5yd. 8 x 5yd. 


 RESIN-PLASTER | 
YARDS 
~ 
( 
- 
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0-250 SMITH - PETERSEN 
Stainless Steel. 


0-255 SMITH-PETERSEN OSTEOTOME — curved, 
8", sizes FY 1“ and 1%", 
Stainless Steel. 

0-260 SMITH-PETERSEN GOUGE ~ straight, 7 


“ay 


sizes %e", and 1“. Stainless Steel 

} | 0-265 SMITH-PETERSEN GOUGE —curved, 8”, 
sizes %", %" and 1”. Stainless Steel. 

0-270 SMITH- PETERSEN GOUGE — reverse 


curved, 8", sizes 94" and 1”. Stain- 


0-250 0-255 0-260 0-265 0-270 less Steel. 


.A NEW STAINLESS STEEL CASE TO HOLD 
SMITH-PETERSEN 
OSTEOTOMES and GOUGES 


CASE 0-295-— holds seven Smith-Petersen 
Osteotomes. 


CASE 0-296—holds seven Smith-Petersen 
Gouges. 


CASE 0-297 —holds a combination of seven 
Osteotomes and Gouges. 


Cutting edges are protected at all times. 
Complete unit may be autoclaved. 0-295 Closed 


Specify Width of Gouges and Osteotomes When Ordering 


VISIT OUR EXHIBIT—BOOTHS 74 & 75 
American Academy of Orthopedic Surgeons—Jan. 29-Feb. 3 
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noblems? HERE ARE SOME ANSWERS! 


Comminuted intertrochanteric fractures, 
especially in senile patients? 


Where can I buy finger traps? 


No. 504—Finger Traps, $2.25 each 
Specify small, medium or large. These are 
silver-plated to permit sterilization without 
rusting. 


How to prevent torsional strain on 
walking leg casts? 
How to keep leg-boot looking trim? 


No. 300—Well-Leg Splint, $35.00 
This original and standard Roger Anderson 
well-leg splint ppli bduction, internal 
rotation, and fixation. Convalescence is favor- 
able since patient is up in the wheel chair. 


How to reduce certain wrist fractures? 
How to support arm for cast 


application? No. 755—Swivel Walking Button, $2.75 each 
$2.50 each in lots of 12 
Rubber tip replacements, $0.50 
Exclusive ball and socket construction. Gives 
almost normal heel and toe movement in walk- 
ing on any level. No metal straps to impair 
X-ray examination of ankle. 


Are cast knives all alike? 


No. 505—Self-Equalizing Finger Traction As- 


sembly, now only $19.50 complete No. 718— $6.00 complete 
Includes pulley assembly and traction plate, Here's one that's different. Slip-proof handle 
sturdy counter-traction strap with buckle, and even when it's wet. Sharp steel blade easily 
3 silver-plated finger traps. Maintains accurate adjusted to your requirement. Replaceable blade 
and equal traction on one, two, or three fingers may be sharpened many times since extra 
at once. cutting length is available. 


Order from your favorite dealer or direct 


the TOWER COMPANY, Inc. 


SEATTLE, WASHINGTON GENEVA, ILLINOIS 


P. O. BOX 3181 (Near Chicago) 
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In remedial exercise therapy 


it takes 


COMPETENT PERSONNEL 
plas the 


PROPER CLINICAL TOOLS 


to insure the desired 
end results! 


The Elgin Exercise Appliance Co. has specifically designed and 
developed, in a scientific manner, a complete line of progressive 
resistance exercise equipment to meet the many and varied 
problems of remedial exercise therapy. This equipment gives 
the doctor and technician the proper clinical tools with which 
to administer a great variety of remedial exercises for both 
the surgical and non-surgical patient. It also provides a wide 
exercise range, from simple functional exercises to the most 
highly definitive focal exercises. 


WRITE TODAY for available information that will give you a 
better introduction to this equipment and what it can do for you. 


EXERCISE APPLIANCE CO. 


EXeRcis P. O. BOX 132, DEPT. ELGIN, ILLINOIS 
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MEDULLARY PIN 


(PATENTED) 


Sled-Kuuner 


« TO DRIVE THROUGH 4. To ROTATE HEAD 
CANCELLOUS BONE ROTATES POINT 


TO GUIDE PIN DOWN 5. BY 
MEDULLARY CAVITY PIN ROTATION 


TO SLIDE OVER TO CONTROL 
OBSTRUCTIONS BONE ROTATION BY 
POINT PRESSURE 


MFG. EXCLUSIVELY BY: 


| WRITE FOR INFORMATION | 0. BOX 1831 
Meridian, Miss. 


NOTE: All authentic Rush Pins bear the trademark BERIVON. 
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FOR GREATER STRENGTH AND SAFETY — 


pemano ceNuINe NEUFELD NAILS ana SCREWS 
_iv NEUTRILIUM’ 


NEUTRILIUM® is the most non-corrosive metal known to science. Its proven super- 
strength lends an assurance of permanence to internal fixation of the trochanteric 
area. This neutral, non-magnetic, homogenetic alloy is entirely inert and therefore 
compatible with human bone or tissue, remaining unaffected by body chemistry. 


NEUFELD BONE SCREWS — of NEUTRILIUM® — are cold forged and, 
unlike other metals, appear to be unbreakable under maximum human pressures. 
Heads will not cwist off during application or in actual use. 


GENUINE NEUFELD NAILS and SCREWS — of NEUTRILIUM® — made only 
by MEDICAL RESEARCH SPECIALTIES, Loma Linda, California, are sold 
nationally by leading surgical and orthopaedic supply dealers. 


NEUTRILIUM® is a registered Trade Name of Medical Research Specialties. 


NEUFELD FEMORAL NAIL PLATE 


Used for internal fixation of intertrochanteric 
and subtrochanteric fractures 


Write for descriptive iterature 


MEDICAL RESEARCH SPECIALTIES 


Lomo Linda, California 
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| Pabirin |... safest of the antirheumatic salicylate-paba combinations 


because . . . Pabirin does not produce sali- 
cylism even with heavy daily requirements. 
High blood levels are maintained with low 
salicylate dosage. It contains well-toler- 
ated acetylsalicylic acid, the most effective 
of the salicylates. Pabirin is sodium- and 
potassium-free. A therapeutic amount of 
300 mg. of ascorbic acid in the average 


Pabirin is a [DORSEY] preparation. 


Each capsule contains: 

Acetylsalicylic acid 5 ger. 
Para-aminobenzoic acid 5 gr. 
Ascorbic acid 50 mg. 
Average dose: 2 to 3 capsules 3 or 4 times daily. 
Supplied: In bottles of 100, 500 and 1,000 capsules. 


3l 


daily dose of six capsules offsets depletion 
of vitamin C by salicylates. 

And effective because . . . The synergistic 
effect of acetylsalicylic acid and PABA and 
the retarding action of PABA on salicylate 
excretion ensure high and sustained blood 
levels. Rapidly disintegrating capsules 
provide fast absorption and pain relief. 


abirin’ 


Smith-Dorsey * Lincoln, Nebraska * A Division of The Wander Company 
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EXCLUSIVE 
ELECTRONIC 
SHARPOMETER.-: > 


Guwusieed A-S-R BLADES 


THE SHARPEST EVER MADE! 


The NEW EXCLUSIVE A. S. R. SHARPOMETER... - 
the only device of its kind in the world... a 
measures the CRITICAL EDGE-FINENESS of 


every lot of 4 
A. S.R. SURGICAL BLADES ad 


EDGE-FINENESS determines perfect cutting 
qualities. Sharpometer Edge-Fineness tests enable 
A. S. R. to guarantee . . . precise, uniform 


sharpness and dependability for every single blade! 

NEVER AGAIN will the surgeon suffer embarrassment due to dull 
blades. A.S.R. SURGICAL BLADES .. . Sharpometer tested... 

are your safe-guards. 
PROVED SHARPNESS: Sharpometer tests on competitive blades — 
including re-sharpened ones, have proven... beyond a doubt... 


A.S.R. SURGICAL BLADES are uniformly sharper. 
NO WIPING REQUIRED — blades are wrapped in rust inhibiting paper. 


EVEN THE PRICE IS A PLEASANT SURPRISE 


Telephone, write or telegraph NOW for New Descriptive Booklet - 
“SHARP SURGEONS’ STEEL” 


AMERICAN SAFETY RAZOR CORPORATION 
HOSPITAL DIVISION 


380 MADISON AVE., NEW YORK 17, N. Y. 
39 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 


| 
‘ 
y= 
a 


cineplastic muscle motors 
for prostheses of arm am- 
putees—is one of today’s most 
promising arm prosthetic de- 
velopments. It offers a bright 
future to the arm amputee, 
for it reduces the need for a 
harness, increases the utility 
of the prosthesis, and retains 
an amazing sense of kines- 
thetic touch. 


Fundamental studies on mus- 
cle physiology in the cineplas- 
tic muscle motor have been 


cables and terminal device fitted. 


ATLANTA 1, GA. 
BALTIMORE 1, MD. 
BIRMINGHAM 1, ALA. 
BOSTON 16, MASS. 
CHARLESTON 2, W. VA. 
CHARLOTTE 2, N. C. 
CHATTANOOGA, TENN. 
CHICAGO 5, ILL. 
CINCINNATI 2, OHIO 


FIG. 1. Below-elbow cineplastic prosthesis with 


COLUMBIA 5, S. C. 
COLUMBUS 8, OHIO 
DALLAS 1, TEXAS 
EVANSVILLE, IND. 
INDIANAPOLIS 2, IND. 
JACKSONVILLE, FLA. 
KNOXVILLE, TENN. 
MEMPHIS, TENN. 
MIAMI 37, FLA. 


HANGER ACTIVE CINEPLASTY 


conducted at the Army Pros- 
thetics Research Laboratory 
and Navy Medical Centers. 
HANGER has been extremely 
interested in cineplastic devel- 
opments, and has furnished a 
number of Prostheses in con- 
nection with this research. 


As a result of cooperation with 
cineplastic research, HANGER 
has developed the "Cinematic" 
Arm, designed for application 
to patients with cineplasty op- 
erations. Principles of simplic- 
ity, durability, light weight, 
alignment, proper 
cosmetic appear- 
ance, and proper fit- 
ting of a comfortable 
socket have all been 
important considera- 
tions in the develop- 
ment of this new 
Cineplastic Prosthe- 
sis. In making the 
below-elbow pros- 
thesis, utilizing a bi- 
ceps motor, the 
socket and forearm 
shell are constructed 


NASHVILLE, TENN. 
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MONTGOMERY, ALA. 
MORGANTOWN, W. VA. 


NEW ORLEANS 19, LA. 
NEW YORK 11, N. Y. 
OKLAHOMA CITY 3, OKLA. 
PHILADELPHIA 7, PA. 
PITTSBURGH 30, PA. 


FIG. 2. Showing below-elbow pros- 
thesis on stump with muscle tunnel 
pin in place. 


over a plaster reproduction of 
the stump. A wrist coupling is 
fitted at the terminal end of 
the forearm shell. 


Whatever your interest or prob- 
lem in appliances suitable for 
cineplasty or any phase of arm 
prosthetics, we are anxious to 
cooperate in every way possi- 
ble. Please contact our nearest 
representative at any time. 


RALEIGH, N. C. 
RICHMOND 19, VA. 
ROANOKE 12, VA. 

ST. LOUIS 3, MO. 
SHREVEPORT, LA. 
TAMPA 2, FLA. 
TOLEDO, OHIO 
WASHINGTON 13, D. C. 
WILKES-BARRE, PA. 
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Another DePuy first, this leg im- 

mobilizing device allows portable x-ray unit to be placed 
in constant position, permitting lateral views of the hip to 
be taken without any movement of the patient. Shortens 
operative procedure, assures hip will be in correct position 
for each lateral film taken. Does not interfere with movement 
of fluoroscopic screen or x-ray spot film device. Eliminates 
chance of bending guide wires. Precision construction of 
stainless steel. Write for more information. No. 608. 


DePuy Tendon Stripper 


An aid in stripping tendons from bone. Semi-circular 
blade fits over bone. No. 580, Set of 3 sizes. 


S Has considerable advantage over one piece hip pros- 
thesis units in that ball portion or head, and washer 
are detachable from stem or nail. Allows different 

sizes of femoral heads to be fitted without removing the 

complete unit. Ball portion is hollowed out, fitting over the 
stem portion, which allows movement of the ball even after it has 
become frozen in the socket. Can be used with or without removable 
washer, which affords greater or less length, whichever is needed. 
Collar on stem allows weight to bear on the femoral neck. SMO 
Stainless Steel. 


For left: No. 562A Complete with stem, 
ball and washer. (Specify diameter of ball, 
or 1%") 

Top left: Broach for making canal proper 
size to receive stem. Stainless Steel. No. 


Bottom left: Driver for inserting, fits into 
hollowed portion at top of stem. No. 563. 
See these at American College of Orthopedic Surgeons Convention. Booth 46-47 


De Puy MANUFACTURING CO., INC. 
WARSAW 8 INDIANA 
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LOTTES TIBIAL NAIL 


LOTTES TRIFLANGE TIBIAL NAIL 
Tibial Nail diameters: 546’ and ¥%”’ 


18-8 SMo Stainless Steel nail made in 2 inch 

lengths from 9 to 14) inches. 

The triflange nail is also available for femur, 

humerus, radius, and ulna. 

The driver and extractor can be used with DRIVER AND EXTRACTOR 
any of the triflange nails. 


+ 


| 


COMPOUND FRACTURE WHICH WAS DEBRIDED, RESULT THREE MONTHS AFTER PRIMARY HEALING OF 
CLOSED, AND PLACED IN CAST ON ADMISSION WOUND AND CLOSED NAILING 


For further information, please write to 


CHAS. A. SCHMIDT SURG. INST. CO., ST. LOUIS 8, MISSOURI 
3689 Olive Street 
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See It Demonstrated 
at the 
Los Angeles 
Convention 


Virgin Fracture Table 


MODERN « SIMPLE « PORTABLE « ECONOMICAL 


The VIRGIN Fracture Table is the very newest in Fracture Tables. It is simple in 
design but of the sturdiest construction. The “saw horse” construction prevents 
tipping. The heaviest patient can be handled with ease. It can be moved about 
easily, one person handling it nicely. The total weight of the table is approximately 
130 lbs. Demounted it occupies a space 36 by 24 inches. Its portability and de- 
mountability for storage are outstanding features. It can be carried in an 
automobile or stored in a cabinet. It is ideal equipment for offices, clinics, emer- 
gency rooms, extra cast rooms, small hospitals and for children’s hospitals. 
Write for illustrated folder which shows table used for four major pro- 


cedures — Hip Spicas, Shoulder Spicas, Hyper-extension and Cervical 
Spine Casts. At extra cost the Table can be equipped for Hip Nailing. 


GILBERT HYDE CHICK COMPANY 


Main Office and Factory: 821 Seventy-Fifth Avenue, Oakland 21, California 
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HIBBS COMPLETE SET OF CHISELS, OSTEOTOMES AND GOUGES 


Solid one-piece construction of the finest stainless steel. Perfectly tempered, hardened and 
balanced, with hexagonal handle for sure grip. These fine instruments will cut sclerotic bone 
easily without dulling the edges. May be purchased singly or in sets of nine sizes. 
No. 132—Osteotomes No. 133—Gouges No. 134— Chisels 
SIZES: —%" — 1" — 1%" — 1%" — 14" 
Available curved or straight. 


HOKE OSTEOTOMES KEY PERIOSTEAL ELEVATORS 


Constructed as above, for small work. No. Same construction as Hibbs instruments above. 
432—Curved or Straight. Sizes: Ye’ — No. 131—Sizes: 1”. 


PUTTI BONE RASPS 


No. 138—Round 


No. 139—Flat 


Stainless Steel carrying cases for sterilizing are available at additional cost, if desired. 


WRIGHT MANUFACTURING COMPANY 


739 JACKSON AVENUE + TELEPHONE 37-2769 © MEMPHIS 5, TENNESSEE 
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rate or volume, It does not affect blood 
such high index of therapeutic 
Safety that there are no contraindi ions, in 
as a hemostat in surgery and in patholo 
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NEW TELFA DRESSING 


Abdominal incision is repre- 
sentative of the many uses for 
TELFA Strips—in major and 
minor surgery, as well as in 
emergency rooms and on 
floors. 


wounds 


dry without sticking! 


Promotes better healing of all wounds—by primary intention 


This new all-purpose dressing is both fully absorbent 
and completely non-adherent. TELFA Strips keep 
wounds dry, yet can be changed easily, painlessly, and 
without disruption of the healing wound surface. 

TELFA is a non-wettable, perforated plastic film 
bonded to Webdril®, a highly absorbent backing of 100% 
pure cotton. 

Faster healing has been demonstrated in thousands 
of clinical wounds. Wounds never grow into the dressing, 
yet are kept dry. TELFA non-adherent dressings are 
economical, too. They cost no more than conventional 
dressings, and save considerable doctor and nurse time 
in changing dressings. 

HOW TO USE: Apply TELFA with film side directly on 
wound (precise perforations pass drainage freely, but 
prevent reverse flow). Then cover with preferred sponge 
or drainage pad (on slight wounds, no further dressing 
is needed). Finally, secure in place with adhesive or 
Kerlix® bandage. 

Supplied in 24%” x 4” and 3” x 8” strips in hospital 
cases; and in 2” x 3” sterilized envelopes for doctors’ 
offices. *Trade-mark of The Kendall Company 
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TELFA 


NON-ADHERENT STRIPS 


& BAUER & BLACK ) | 


Division of The Kendall Company 
309 West Jackson Blvd., Chicago 6, Illinois 
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at your service, Doctor 


—are information and data to keep you posted on the latest 
developments in the detection and treatment of cancer. 


“Cancer—A Journal of the American Cancer Society”—a bi- 
monthly devoted to articles, with bibliographies, by leading 
cancer authorities ... 


Monograph Series—published about twice yearly, and focussed 
on the early recognition of cancers of specific body sites ... 


Bibliography Service—the library of the American Cancer 
Society will prepare, upon request, source material listings on 


specified subjects... 


“Cancer Current Literature”—an index to articles on neo- 
plastic diseases from American and foreign journals ... 


Professional Films—a series of 30 one-hour color kinescopes 
of television teaching conferences presented by leading clini- 
cians in the cancer field; plus about 150 films on cancer diag- 
nosis, detection and treatment, available on loan... 


Slide Sets—2x2 kodachrome slide sets dealing with early 
malignant lesions, available on loan. 


For information about these 
and other materials, write 
your state Division of the 


American Cancer Society 
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AN ANALYSIS OF END RESULTS OF SURGICAL TREATMENT OF MAJOR 
INJURIES TO THE LIGAMENTS OF THE KNEE * 


BY DON H. 0’ DONOGHUE, M.D., OKLAHOMA CITY, OKLAHOMA 


From the Department of Orthopaedic and Fracture Surgery, University of 
Oklahoma School of Medicine, Oklahoma City 


Many years of experience in the treatment of major injuries to ligaments of the knee 
have led to the conviction that the best outcome can only be obtained by early meticulous 
surgical repair of every damaged ligament. Cases illustrating the excellent results which 
may be obtained by early surgery have already been reported.'! In that report an urgent 
plea was made for the early suture of injured cruciate ligaments in particular. There had 
been considerable controversy concerning the necessity for this. Many had said that, 
provided the lateral ligaments were intact and provided that the quadriceps was com- 
pletely rehabilitated, cruciate-ligament stability was not essential for a ‘normally 


functioning knee”’ 
The material previously presented in support of the claim that early suture of injured 


cruciate ligaments is necessary included some twenty-five cases, all but two of them in 
athletes. Most of these men had a single type of injury, — namely, laceration of the 
medial collateral and anterior cruciate ligaments and of the medial meniscus. The injury 
was termed the “unhappy triad”’. While that series definitely showed that early repair 
was successful and that failure to repair the anterior cruciate ligament was disastrous, 
few statistical data were presented to confirm or to refute these impressions. 

All available cases of major operations on ligaments of the knee done in the author’s 
private practice during the fifteen years 1938 to 1953 are now presented. Every effort 
has been made to include all cases. Although some must have escaped the net, no case has 
been knowingly overlooked. Eighty-two patients were reviewed for type of injury. Eighty 
of these had an adequate follow-up; these were used for the analysis of end results. 

The exact type of operation used is of relatively little importance for the purposes 
of this report. One must assume that the same careful technique has been followed in the 
reconstruction operations as that which has been used in repair. The procedure of early 
repair has been described in detail in the previous report. To repair a typical injury, that 
is, the medial collateral ligament torn from the tibia, the anterior cruciate ligament torn 
from the tibia, and the medial meniscus torn, the following technique was used: 

As stated in the previous article, access to the area is obtained through a long curved 
incision, beginning well above the femoral epicondyle anteromedially, and crossing the 
anteromedial aspect of the joint to end about three inches below the tibial rim along its 
anteromedial surface. This gives access to the entire medial aspect of the knee. 

The superficial layer of the ligament is revealed and should be inspected from its 


* Read at the Annual Meeting of The American Orthopaedic Association, Bretton Woods, New Hamp- 
shire, June 7, 1954. 
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attachment low on the tibia to above the 
knee. The site of the damage will be in- 
dicated by ecchymosis and hematoma 
within the fibers, usually at the tibial 
attachment. The tear is defined, by sharp 
dissection if necessary, and the superfi- 
cial layer is retracted upward to expose 
the deep layer. This layer must be in- 
spected entirely across the line of the 
joint from front to back, and rocking 
the tibia may give a clue as to the site 
of the tear. This tear is readily seen, if 
the operation is done before healing 


occurs. It is advisable at this stage to 
enter the knee joint by an _ incision 
through the capsule along the medial 
parapatellar line. Through this incision, 
the medial meniscus is exposed; decision 


Repair of anterior cruciate ligament. 

A; Drill holes through tibia permit passage of suture to as to its removal is made, and, if neces- 
secure detached ligament to tibia. sary, removal is carried out. The anterior 

B: Similar method to secure proximal end to the femur. 


(Reprinted from The Journal of Bone and Joint Surgery, 
32-A: 725, Oct. 1950. been torn from the tibia, two drill holes 


are passed from the anteromedial sur- 
face of the tibia into the area of the anterior spine (Fig. 1, A). A suitable ligature (No. 3 
twisted silk or No. 10 cotton) is passed through one hole into the joint. It is recovered in 
the joint, is placed in a needle, and is woven through the loose end of the ligament. It is 
removed from the needle and is passed out of the knee through the second drill hole by 
means of a suitable ligature carrier. When this suture has been tightened, the ligament is 
snugged up into its bed. If the ligament is redundant, but has not been torn, it can be 


cruciate ligament is inspected. If it has 


Fig. 2 


Repair of deep layer of medial collateral ligament. 


A: Repaired by suture to tibial margin through drill holes. 
B: Repaired by suture to femoral condyle through drill holes. 
C: Simple suture of torn ends of ligament. 

(Reprinted from The Journal of Bone and Joint Surgery, 32-A: 725, Oct. 1950.) 


THE JOURNAL OF BONE AND JOINT SURGERY 


2 
\ 
A Fie. 1 7 
\ 
L y/ J y, 
/ 


END RESULTS OF KNEE-LIGAMENT SURGERY 


shortened by a similar procedure after 
some scarification. If the femoral at- 
tachment has been torn away, a simi- 
lar repair is made with two drill holes 
(Fig. 1, B), in this instance passing 
from the lateral epicondylar ridge 
(through a small lateral incision) into 
the intercondylar notch or vice versa. 
After these sutures have been placed, 
they are not tied until the repair of the 
.medial ligament has been completed, 
and the wounds are ready to be closed. 
The immediate repair of the deep 
layer of the collateral ligament may be 
done by various methods. If there has 
been a direct tear in the ligament with 
two well defined margins, simple su- 
ture with imbrication, if feasible, will Fic. 3 
suffice (Fig. 2, C). If the ligament has Repair of superficial layer of medial collateral ligament. 
been avulsed from the bone, the best 4: Suture of torn end of ligament to stump. 
method of repair consists in placing B: Repair of avulsed end by suture through drill holes in 


a series of three or four drill holes at _ 


» site » attac , (Reprinted from The Journal of Bone and Joint Surgery, 
the site of the attachment to bone, 32-A: 726, Oct. 1950.) 


about three-quarters of an inch apart 
(Fig. 2, A and B). Suitable suture is passed through the ligament end, into one drill hole, 
out of an adjacent drill hole, and back through the ligament. When all of these have 
been placed, the knee is positioned at about 150 to 160 degrees, and all ligatures are tied. 
As a rule, the superficial layer can be repaired by simple suture to its bed. If not, a similar 
procedure may be carried out by drill holes at this level (Fig. 3). General imbrication of 
the ligament by suture should be done in order to obtain maximum tightness. For other 
types of injury similar procedures are used, a lateral incision for the injuries to the strue- 
tures of the lateral side, and a posterior incision for the injuries to the posterior cruciate 
ligament. Reconstruction of the medial collateral ligament has been carried out by detach- 
ing the tibial attachment and re-attaching it further down the tibia, or by plication, or 
occasionally by fascial graft, depending upon the utilizable material remaining. 

The cruciate reconstruction has usually been done by using a six-inch or seven-inch 
strip of tendon three-quarters of an inch wide, beginning as rectus femoris tendon above 
the patella, extending along the medial side of the patella, and continuing by including a 
strip of the patellar tendon, down to its attachment to the patellar tubercle. This is passed 
through a large drill hole, five-sixteenths of an inch in diameter, running from the patellar 
tubercle into the area of the anterior spine of the tibia, then across the knee joint, and 
out through a drill hele extending from the back of the intercondylar notch to the lateral 
epicondylar rim (Campbell technique). Various other methods have been utilized, de- 
pending somewhat upon the circumstances. 

It should be repeated that this report does not concern primarily the type of opera- 
tion but rather the time of and the completeness of the repair. 

The method of follow-up is of importance since there seems to be no good substitute 
for personal objective examination by the surgeon. Of the eighty patients available, the 
author was able to see forty-two (53 per cent.) for personal examination during a two- 
month period. Another nine patients (11 per cent.) had sufficiently detailed records to 
provide the necessary specific information sought. Twenty-nine patients (36 per cent.) 
responded by returning the questionnaire. Thus 89 per cent. have had a recent detailed 
analysis especially made for this report. 
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The average follow-up period was three and one-third years, ranging from six months 
to fifteen years. Many of the patients with a short follow-up record had excellent results 
when last seen. Although I have heard that they continue to do well and to play football, 
their follow-up period has been listed as of the time of the last complete examination. 

It is interesting to note that the number of operations done each year has steadily 
increased. Only an occasional operation was done prior to 1946, in which year three 
operations were done. With increasing confidence and with a better understanding of the 
indications for operation, the number of patients operated upon increased each year, to 
reach, in 1953, a total of eighteen. Most of the patients operated upon in 1953 are not 
included in this survey because of the short period of follow-up. 

The age incidence at the time of injury presents some interesting aspects (Chart 1). 
One would expect more cases of injury in the active years of life; this is confirmed by 
the fact that 80 per cent. of the patients were under twenty-five years of age. We were 
hardly prepared for the finding that 55 per cent. of the patients were under twenty years 
of age. This finding may be due to the fact that many youngsters grow rapidly and their 
bones mature early; their joints, however, remain relaxed, as is illustrated in one patient 
operated upon recently. The patient was a boy, seventeen years old, six feet three and 
one-half inches tall, weighing 215 pounds, with at least 15 degrees of lateral motion 
in the uninjured knee; he had the frame of a man with the joints of a seventeen-year-old. 
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TABLE I 


TIME OF OPERATION 
(Kighty Patients) 


Reconstruction 


Early Late 
Under Two Weeks Two Weeks to Three Months Over Three Months 
(No. of Cases) (Per cent.) (No. of Cases) (Per cent.) (No. of Cases) (Per cent.) 


44 55. 20 25. 16 20. 


Only one patient was under fifteen years of age (a girl six years of age) and two were 
over forty-five years of age. 

I am convinced that early repair is a sine qua non for consistently good results and | 
have, therefore, arbitrarily divided the patients in this series according to the time elapsed 
between the time of injury and the time of surgery. Believing that primary healing should 
occur in about two weeks and that scar retraction should be complete in three months, 
I have grouped the patients in three categories: early, comprising those operated upon 
within two weeks of the time of injury; late, those operated upon between two weeks and 
three months; and reconstruction, those operated upon three months after the injury 
(Table I). Minor variations would occur if the time periods were altered, but no significant 
change in the pattern would result. Just over one half of the patients are included in the 
early group (55 per cent.). All of the patients might well have been divided into two 
groups only, early repair and late repair—a division which would show even more dramat- 
ically the advantage of early repair. 


TABLE II 


Type or INJuRY 


(Fighty-two Patients *) 


No. of Cases 


Injury to: 


Structures of the medial side 69 84. 


Medial collateral ligament, anterior cruciate ligament, and medial 24 
meniscus 

Medial collateral ligament and medial meniscus 16 

Anterior cruciate ligament and medial meniscus 17 


Total 


Medial collateral ligament 5 
Medial collateral ligament and anterior cruciate ligament 3 
Medial collateral ligament, anterior cruciate ligament, and both menisci 3 
Medial collateral ligament, both cruciate ligaments, and medial meniscus 3 


Structures of the lateral side 6 1.6 
Lateral collateral ligament, anterior cruciate ligament, and lateral 2 
meniscus 
Lateral collateral ligament and anterior cruciate ligament 1 
Lateral collateral ligament and lateral meniscus 1 
Posterior cruciate ligament and lateral meniscus ] 
Lateral collateral ligament, both cruciate ligaments, and lateral meniscus — 1 
Cruciate ligaments only 7 8.5 
Anterior cruciate ligament 3 
Posterior cruciate ligament 3 
Both cruciate ligaments 1 
Note: 
Injuries to the cruciate ligaments combined with other injuries 55 
Injuries to the cruciate ligaments alone 7 
Total no. of cases with injuries to cruciate ligament 62 75. 


* Two patients have been followed for too short a time to be included in the analysis of end results. 
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TABLE III 
Question A: Does Your Operated KNEE Boruer You? 


Early Late Reconstruction 
(No. of Cases) (Per cent.) (No. of Cases) (Per cent.) (No. of Cases) (Per cent.) 


Athletes 
Yes 
No 
Others 
Yes 
No 
Total 
Yes 
No 10). 8 50. 
Classification of the patients according to the type of injury presented some difficulty, 
for so many different combinations of injuries to the ligaments are possible. That the 
majority of the patients fall into fairly consistent patterns is indicated by Table II. 


The most common pattern is that of some combination of injury to the medial collateral 
ligament, the medial meniscus, and the anterior cruciate ligament. Actually sixty-nine 
patients of eighty-two patients (84 per cent.) had injuries to the structures of the medial 
side; only six patients (7.5 per cent.) had injuries to structures of the lateral side; and 


seven patients (8.5 per cent.) had injuries to the cruciate ligaments alone. 

Most significant is the fact that in sixty-two patients (75 per cent. of the eighty-two 
patients operated upon), one or both of the cruciate ligaments were torn, the anterior 
cruciate being torn in all but four patients in this group. This points out the fact that 
anterior-cruciate deficiency has been a primary factor in the indications for surgical 
repair. 

A separate card containing all pertinent data has been filed for each patient. In 
addition, a questionnaire was drawn up on which answers to definite questions were 
recorded either by the examining physician or by the patient himself. Every patient 
completed the questionnaire. It is difficult to frame questions in such a way that the 
patient’s mental slant may not tend to influence his judgment as to his physical con- 
dition. By specific questions an attempt was made to minimize this tendency and to obtain 
yes-or-no answers. 

QUESTIONNAIRE 


Question A: Does your operated knee bother you? As shown in Table III, 82 per cent. 
of the athletes operated upon early had no complaints, while only 50 per cent. of the 
non-athletes felt that their knee was in such good condition. 


TABLE IV 
Question B: Is Iv as Goop as Your Opposire KNEE? 
Early Late Reconstruction 
of Cases) (Per cent.) (No. of Cases) (Per cent.) (No. of Cases) (Per cent.) 
Athletes 
Yes 33. 26. 
No 
Others 
Yes 
No 
Total 
Yes 2. 3. 
No 12 


JOURNAL OF BONE AND JOINT SURGERY 


6 


END RESULTS OF KNEE-LIGAMENT SURGERY 


TABLE V 


ARE You Comp.erety Happy with THE Resuit or YOUR OPERATION? 


QUESTION ( 


Early Late Reconstruction 
(No. of Cases) (Per cent.) (No. of Cases) (Per cent.) (No. of Cases) (Per cent.) 
Athletes 
Yes 26 93. 9 7. 13 87. 
9 


No 

Others 
Yes 12 80. 6 

No 

Total 

Yes 38 88 15 75. 

No 


(Question B: /s it as good as your other knee? This question repeats the same thought 
as Question A in a different way, with some difference in result. The athletes show essen- 
tially the same result, but the non-athletes show a considerable shift to the negative side: 
79 per cent. of athletes in the early group thought their knee was at least as good, while 
92 per cent. of non-athletes in this group did not (Table IV). 

Question C: Are you completely happy with the result of your operation? Of all the 
questions, this one is probably of the least value statistically since answers to it may 
reflect loyalty to the surgeon, as well as satisfaction with the knee. Patients in the late 
and reconstruction groups had been told that the operation might fail. Many expressed 
themselves as satisfied when the actual result was indifferent or only fair. Even here, 
however, the emerging pattern is clear (Table V): The earlier the operation is done, the 


better the result. 

Question D: Has your knee kept you from participating in athletics? The question 
was, of course, restricted to the fifty-four patients who were classified as athletes (Table 
VI). Such a classification was made only if the patient was a regular high-school, college, 
or professional athlete in regular competition as a member of the team. The question 
referred to his return to his particular sport, usually football, and to athletics in general,— 
that is, to unrestricted competition. A football player returning to basketball, but not to 
football, would answer “‘yes”’ to this question. In many ways, this is the most significant 


TABLE VI 


Question D: Has Ir Kepr You rrom ParricipaTING IN ATHLETICS? 


Early Late Reconstruction 


(No. of Cases) (Per cent.) (No. of Cases) (Per cent.) (No. of Cases) (Per cent.) 
Athletes 28 11 15 
Yes 3 4 yg 
No 25 89. 7 64. 6 40. 


table of all. It should be noted that 89 per cent. of the patients in the early group returned 
to active non-restricted athletics. Of the three who did not return, one had not had the 
anterior cruciate ligament repaired, although it had been torn, and in two repair of the 
cruciate ligament had failed. All three athletes who did not return to competition did not 
return because of anterior-cruciate instability. 

Of the late group, seven of the eleven had had the cruciate ligament repaired; four 
(57 per cent.) of these returned to competition, all with a negative drawer sign. Three 
did not return, and all three have anterior-cruciate instability. Of the four patients with- 
out cruciate severence, three (75 per cent.) returned to competition; the fourth had 


generalized synovitis of the knee. 
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TABLE VII 
GRADING OF ANSWERS TO TEN QUESTIONS UNDER QUESTION B 
Early Late Reconstruction Total 
44 20 16 SO 


87 77 70 


No. of Cases 
Grade (average) 
TABLE VIII 
GRADING OF ANSWERS TO TEN QUESTIONS UNDER QUESTION B 
(Eighteen patients with injury to the medial collateral ligament and medial meniscus) 
Late Reconstruction 


(No. of Cases) (Grade) (No. of Cases) (Grade) 
97 (average) 3 100 (average) 


Karly 
(No. of Cases) (Grade) 


Athletes 8 97 (average) 2 
3 72 (average) 


Others 2 75 (average) 
82 (average) : 100 (average) 


Total 10 93 (average) 5 


In the reconstruction group, of the six (40 per cent.) who can play, three had had 
no cruciate damage, the fourth had had an incomplete tear of anterior cruciate ligament, 
the fifth had had the posterior cruciate ligament avulsed from the tibia, and the sixth 
had had the anterior cruciate ligament avulsed from the femur. Not one of this group 
who returned to competition had had a complete tear through the substance of a cruciate 
ligament. Of the nine in the reconstruction group who did not return to competition, all 
had cruciate-ligament instability as the major cause of their disability. Only three of the 
reconstruction group did not have injury to the cruciate ligament; all three gained normal 
function following successful reconstruction of the medial collateral ligament. 

Sixteen athletes of the fifty-four (30 per cent.) did not return to competition (only 
three of these were in the early group); fifteen (94 per cent.) of these had cruciate instability. 

In the questionnaire, Question B, /s it as good as your opposite knee?, includes ten 
sub-questions to be answered if the answer to the main question is ‘‘No’’. These are: 


Does it hurt? 
Is it loose or wobbly? 
Is knee motion restricted? 


Does it swell? 


l. 
2. 
3 
5 


Does it seem weak? 

Does it catch or snap? 

Does it bother you to squat? 

Do you have trouble with stairs? 

Does it limit your activities? How? 

Does it handicap you in your work? 

Each of these questions is valued at ten points; perfect score is 100 points. Tables VII 
through XIII are based on the answers to these ten questions. The grade given in answer 
to these questions is used for the purposes of comparison only; it does not represent a 
percentage estimate of the success of the result. Obviously, the questions are not of equal 
value and many overlap,—that is, numbers 8 and 9, numbers 7 and 10, and numbers 2 
and 5. They were chosen in order to ferret out the exact reason the knee was not as good 
as its mate. 

The general pattern is clearly shown in Table VII. The earlier the treatment is begun, 
the better the result. This pattern is consistent throughout by every means of comparison, 
with the possible exception of the material presented in Table VIII. In the group of 
patients with injuries to the medial collateral ligament and the medial meniscus, in whom 
the cruciate ligaments had not been damaged, good results were obtained regardless of the 
time of surgery. Even in this group the early repairs were definitely better than the late 


repairs. 
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TABLE IX 
GRADING OF ANSWERS TO TEN QUESTIONS UNDER QUESTION B 


(Twenty-three patients with injuries to cruciate ligaments and medial meniscus) 


Early Late Reconstruction 
(No. of Cases) (Grade) (No. of Cases) (Grade) (No. of Cases) (Grade) 
Athletes 5 88 (average) 4 82 (average) 8 70 (average) 
Others 1 80 (average) } 80 (average) l 70 (average) 
Total 6 87 (average) Ss 81 (average) 9 70 (average) 


The reconstruction group here consisted of three athletes who gained splendid results, 
but the group seems to be too small and too ‘“‘loaded”’ to be statistically sound (Table 
VIII). Technically, the reconstruction of the medial collateral ligament was done by 
detaching the ligament from the tibia and re-attaching it lower down. 

Table LX seems self-explanatory; it follows the familiar pattern. The chief complaint 
in these twenty-three patients was cruciate instability. This should definitely indicate that, 
to these people at least, function of the cruciate ligament seemed essential! All of the 
patients in the late and reconstruction groups had had extensive quadriceps rehabilitation 
before operation was recommended. 

In Table X, all patients with laceration of a cruciate ligament are included regardless 
of whatever other injury existed. Here the importance of early repair is particularly 
noticeable. With damage to a cruciate ligament, early repair is essential if good results 
are to be obtained. It should be noted that in 25 per cent. of the patients in the early 
group, cruciate-ligament damage was not diagnosed before anaesthesia was given. We 
cannot safely use a negative drawer sign as an excuse for procrastination! 

Of the patients in the early group with cruciate injuries, twenty-five were athletes; 
twenty-two returned to regular competition, three did not. In each of these three, the 
cruciate ligament either was not repaired or the repair had failed. 

Of those in the late group, seven patients were athletes; four of these returned to 
competition, each with a negative drawer sign. Three of these did not return to regular 
competition, and in each there was a positive drawer sign. 

Of the patients in the reconstruction group, only one returned to championship foot- 
ball, while three played some football. This emphasizes again the vital importance of 
early operation in the treatment of cruciate-ligament injuries. 

The question of relationship between the severity of injury and the success of repair 
has been raised and is, of course, important. Table XI presents the results in twenty-four 
patients with a similar serious injury,—a complete severence of the medial collateral 
ligament and the anterior cruciate ligament, with rupture of the medial meniscus. Highly 
satisfactory results were obtained if the injury was brought to operation early; poor 
results were the rule if surgical treatment was delayed. The more serious the injury is, the 
more important early repair becomes. 

Out of this series of eighty, there were seven instances when the cruciate ligament 


TABLE X 
GRADING OF ANSWERS TO TEN QUESTIONS UNDER QUESTION B 


(Fifty-seven patients with injury to the cruciate ligaments *, either alone or in combination) 


Reconstruction 


Early Late 
(Grade) (No. of Cases) (Grade) 


(No. of Cases) (Grade) (No. of Cases) 


34 87 (average) 12 73 (average) 11 65 (average) 


* Fifteen cases (25 per cent.) of injury to the cruciate ligaments were undiagnosed before anaesthetic 
was given. 
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TABLE XI 


GRADING OF ANSWERS TO TEN QUESTIONS UNDER QUESTION B 


(Twenty-four patients with injuries to the medial collateral ligament, the anterior cruciate 


ligament, and the medial meniscus *) 


Karly Late Reconstruction 


(No. of Cases) (Grade) (No. of Cases) (Grade) (No. of Cases) (Grade) 


Athletes 11 95 (average) 2 63 (average) 3 53 (average) 
Others 7 82 (average) l 10 (average) 


Total Is 90 (average) 3 58 (average) 3 53 (average) 


*Termed the “unhappy triad” by the author. This major injury is readily diagnosed; this accounts 
for the large number of patients in the early group. 


was not repaired although damage was recognized. Five of these patients had definite 
instability and disability following operation. Two did not; both of these had incomplete 


tears. 

In five of the patients the damage was not repaired for the following reasons: ‘‘too 
difficult”’ (in one patient with injury to the posterior cruciate), “‘could be done later” 
(one), “failed to heal well” (one), and “irreparable because of loss of substance of the 


ligament” (two). 

The question has been raised whether or not, with such outstanding results in athletes, 
we should confine the repair to this group. In Table XII is given a comparison of the 
results in the athlete and non-athlete. The greatest difference seems to be in the early 
group. This reflects the rehabilitation drive of the athlete. The athletes work much better 


TABLE XII 


GRADING OF ANSWERS TO TEN QUESTIONS UNDER QUESTION B 


(Comparison of grades for athletes with those of non-athletes) 


Early Late Reconstruction Total 
Athletes 
No. of Cases 28 11 14 53 
Grade 93 (average) 78 (average) 71 (average) 84 (average) 
Non-Athletes 
No. of Cases 15 9 2 26 
Grade 76 (average) 75 (average) 65 (average) 75 (average) 


Total 
No. of Cases i 20 16 80 
70 (average) 80 (average) 


Grade 87 (average) 77 (average) 


TABLE XIII 


ADING OF ANSWERS TO TEN QUESTIONS UNDER QUESTION B 


(Comparison by Age Groups) 


Total 


Late Reconstruction 


“arly 


Under 20 years 


No. of Cases 21 12 12 45 
Grade 89 (average) 75 (average) 66 (average) 79 (average) 


Over 20 years 


No. of Cases 23 s 4 35 

Grade 84 (average) 78 (average) 60 (average) 80 (average) 
Athletes 

No. of Cases 28 11 14 53 

Grade 93 (average) 78 (average) 71 (average) 84 (average) 
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and take advantage of enlightened training programs. It is the author’s opinion that 
injuries in non-athletes should be repaired and that a greater effort should be made to 
duplicate the rehabilitation carried out in the more active patients. 

The assumption, that the athletes do better simply because of age is refuted by 
Table XIII. In this series the patients are pretty evenly divided into two groups—those 
under and those over twenty years of age. Surprisingly little difference occurs between 
the two age groups. The results in those under twenty are a shade better. The results 
in the athletes are better than those in either age group. 

An attempt is made to summarize the end results in Chart II. The significant fact 
is the uniform grouping of the patients in the early group at a consistently higher level 
of recovery. The number of good results in all cases with cruciate injury rapidly diminishes 
as the time between injury and surgery increases. The severity of the injury is relatively 
unimportant if the injury is repaired early. 
CONCLUSIONS 
1. Cruciate-ligament instability at the knee causes a definite disability and should 
be prevented if possible. 

2. Repair of the cruciate ligaments is surgically feasible and highly successful if it is 
done early. 

3. Cruciate-ligament instability was the primary cause of disability in those athletes 
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who did not return to competition. Of the sixteen athletes who did not return to full 
competition, fifteen (94 per cent.) gave cruciate-ligament instability as a major cause 
of their failure to participate. They could tolerate some pain, some stiffness, some weak- 
ness, some lateral instability, but they could not tolerate cruciate instability. 

4. The time of the repair is vastly more important than the severity of the injury, 
but the more serious the injury is, the more urgent is ear'y repair. 

5. Results in the athletes were markedly better than those in non-athletes, regardless 
of aze. 

6. Complete rupture of any ligament of the knee demands early surgical repair to 
assure best results. In all types of injury early repair (under two weeks) gives much better 
results than late repair or reconstruction. 


1. O’Donocuve, D. H.: Surgical Treatment of Fresh Injuries to the Major Ligaments of the Knee. 
J. Bone and Joint Surg., 32-A: 721-738, Oct. 1950. 
DISCUSSION 

Dr. Georce FE. Bennerr, Bavtimore, In this type of surgery there are four ‘‘ musts” 
which I consider essential in order to obtain such successful results as Dr. O’ Donoghue has: 

1. The patient must be seen early (unfortunately, my patients don’t come to me that early); 

2. The surgeon must be a good diagnostician and must be able to identify these injuries; 

3. The surgeon must have good judgment; 

1. The surgeon must be competent. 

I doubt if anyone will question the fact that the operations should be done in a hospital where there are good 
facilities. 

| disagree with Dr. O'Donoghue concerning reconstructive surgery of old knee injuries. We have all 
been led to believe that a torn anterior cruciate ligament means that a person is completely unable to 
participate in athletics. In 1922, a Princeton soccer player came to Baltimore with a locked knee. I thought 
he had a torn meniscus. I explored his knee joint and found that he had a torn anterior cruciate ligament 
which was locking his knee. Today, | would probably attempt the operation which Dr. O’ Donoghue has 
described. At that time, I did my first reconstruction of a medial collateral ligament by removing the frayed 
cruciate ligament and by performing an overlapping plication of the fascia and ligamentous tissue which ran 
parallel with the anterior cruciate. That patient made the All-American Soccer Team the next year; in the 
following year he was captain of the All-American Soccer Team. 

Later, | began adding to this overlapping technique a reinforcement of the inner border of the knee 
ioint with fascia. This was done only in patients with slightly relaxed knees. I do believe that, if the injury 
is seen early, the operation Dr. O’ Donoghue has described should be done. The results should be admirable. 
However, if the injury is not seen early, the case is not hopeless. 

I think that of the patients with injured menisci whom I see and have to operate upon, 25 per cent. have 
a relaxed knee associated with the injury. The simple removal of the meniscus will not cure the condition. 
Some type of reconstruction of the medial collateral ligament, such as plication, reinforcement with fascia, 


or some other plastic procedure, must be done. 


Dr. J. 8. Speep, Memputs, Tennessee: Dr. O' Donoghue’s concept of the proper treatment of injunes 
to ligaments of the knee joint is unquestionably sound. The importance of early repair and of the surgical 
techniques described for these repairs, both in his original presentation in 1950 and in the follow-up study, 
are an important contribution to orthopaedic surgery. 

The well documented statistical data depicting the results in the follow-up study of this large series is 
both instructive and convincing. 

I am in full accord with Dr. O'Donoghue in regard to the early exploration and repair of the severe 
injuries to the ligaments and cartilage of the knee. Procrastination can only complicate, or preclude, adequate 
repair and vitiate the end results. There are, however, some ligament and cartilage injuries which recover 
spontaneously with normal function, particularly in those not engaged in athletics. It would seem reasonable 
to assume that something has been torn in every knee-joint injury which is accompanied by hemarthrosis 
and in which the roentgenogram does not demonstrate a fracture. Such injuries might be small separations 
of the lateral attachments of the menisci or a mild shredding type of tear in the collateral ligaments, or both. 
These do not require surgical exploration. 

Just where the line of demarcation is to be drawn between these injuries and the typical severe football 
injury must rest largely on the experience and diagnostic acumen of the individual surgeon. For the uniniti- 
ated, it is better to err on the side of conservatism; for a surgeon skilled in the diagnosis and technique of 
surgical repair, it is better to err on the side of immediate surgical exploration. 
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The importance of early, preferably immediate, examination of knee injuries by the operating surgeon 
cannot be overemphasized. A better estimate of the extent of the injury can be made then than at any other 
time, except after surgical visualization. If necessary an anaesthetic of short duration is justifiable for diag- 
nostic purposes immediately after the injury, if pain and muscle spasm preclude a satisfactory examination. 
Examination under anaesthesia is usually desirable after swelling and muscle spasm have become established. 
This can be postponed until the time of the contemplated operation if surgical repair of the injury appears to 
be necessary. 

There is little controversy regarding repair of the medial or lateral collateral ligaments and the anterior 
cruciate ligament for definite instability in the acute stage. Reversal of the Mauck operation for laxity of the 
medial collateral ligament in the reconstructive period has, in our experience, proved most satisfactory. The 
attachment of the ligament to the femoral epicondyle is transplanted upward after the thorough freeing of 
_all of its femoral attachments. 

In spite of Dr. O’ Donoghue’s convincing arguments to the contrary, there is still a wide difference of 
opinion as to the advisability of repairing or reconstructing the anterior cruciate ligament in late cases. 
Anatomical, technical, and functional evidence negating the necessity for the operation have been published 
and will not be repeated here. 

In our experience, repair of the remaining portions of the anterior cruciate in the subacute or recon- 
struction period is difficult or impossible. Construction of a new cruciate ligament, by whatever method one 
prefers, is definitely helpful and is indicated when excessive anterior-posterior instability is present. Recon- 
struction of the medial or lateral collateral ligament is also necessary in most cases. We do not reconstruct 
the anterior or posterior cruciate ligament in cases of mild instability. For practical purposes, we divide 
the patients in the reconstruction period into three groups depending on what abnormalities are found at 
operation. 

1. A tear of the medial or lateral meniscus, or of both, no collateral-ligament instability, rupture of the 
anterior cruciate ligament, and mild anterior-posterior instability are repaired by the removal of the torn 
meniscus only. This condition is often found unexpectedly at operation. 

2. A tear of the medial meniscus, definite instability of the medial collateral ligament, rupture of 
anterior cruciate ligament, with slight or moderate anterior-posterior instability, are repaired by the removal 
of the medial meniscus and repair of the medial collateral ligament. 

3. A tear of the meniscus, gross instability, both medial and anterior-posterior, and rotation, with 
laxity of the medial collateral ligament and rupture of the anterior cruciate ligament, are repaired by removal 
of the torn meniscus, reconstruction of the anterior cruciate ligament, and repair of the medial collateral 
ligament. 

A follow-up study of those in whom we have performed a reconstruction of the anterior cruciate ligament 
has shown that the majority have a persistent, slight or moderate, anterior-posterior instability. It is for this 
reason that we do not recommend reconstruction of the anterior cruciate in those with only minor instability. 

Dr. O’ Donoghue has been a courageous pioneer in this interesting field of surgery. His work is outstand- 
ing, and I am sure that it will greatly decrease the chronic crippling results which have been so frequent 

following injuries to the ligaments of the knee. 


Dr. O’ DonoGuve (closing). The last discussor called my attention to something which I should have 
emphasized. I certainly did not mean to imply that one should wait two weeks before doing surgical repair. 
On the contrary, I think that two weeks is getting toward the wrong end of the scale. Once surgical treat- 
ment has been elected, the sooner it is done the better. If one can operate within two or three hours after 
injury, it is much more simple than it would be the next day because the knee soon swells and the tissues 
become more difficult to handle. It is similar to the treatment of a compound fracture when normal tissue 
to deal with makes surgery much easier. 

I appreciate very much Dr. Bennett's discussion. His work caused me to realize that good results can 
be obtained in grossly injured knees. It is difficult. to see these injuries early. It takes a good deal of coopera- 
tion between the trainer and the doctor who is to care for the injured athletes to enable the physician to see 
the injury before it becomes so disabling that the trainer has given up and has sent the athlete in for some- 
thing definitive to be done. I think reconstruction is extremely difficult work. Dr. Bennett has had some 
very brilliant results. I have read his articles concerning reconstruction and I know the brilliant surgery 
he performs. We cannot all get such good results in most cases, but I think any competent orthopaedic 
surgeon can get these good results in an acute injury if he operates meticulously and thoroughly. I want 
particularly to emphasize that it is much easier to do repair than it is to do reconstruction. Dr. Speed also 
emphasized that early repair is very much easier than late repair. It is important to diagnose the condition 
accurately; we certainly do not operate upon a very high percentage of the injuries to the ligaments which 
we see. We operate only if we are convinced that one of the major ligaments has been completely torn; an 
incomplete tear heals well without retraction and an essentially normal knee results. I agree entirely with 
Dr. Speed concerning his remarks on reconstruction. Certainly, a surgeon is not justified in doing an extensive 
(Continued on page 124) 


1, JANUARY 1955 


VOL, 37-A, NO. 


13 


SOFT-TISSUE TUMORS OF THE SOLE 
Wiru SpectaL REFERENCE TO PLANTAR FIBROMATOSIS * 


BY RAYMOND A. ALLEN, M.D., ROCHESTER, MINNESOTA, 
Fellow in Pathology, Mayo Foundation,t 


LEWIS B. WOOLNER, M.D., ROCHESTER, MINNESOTA, 


Section of Surgical Pathology, Mayo Clinic and Mayo Foundation, 


AND RALPH K. GHORMLEY, M.D., ROCHESTER, MINNESOTA, 


Section of Orthopaedic Surgery, Mayo Clinic and Mayo Foundation. 


Although Dupuytren, in his classic account of palmar fibromatosis, mentioned cases 
in which involvement of the plantar fascia was present, plantar fibromatosis has received 
scant attention in the 120 years which have passed since, as compared to that accorded 
this condition in the hand. 

In contrast to the palmar lesions, which long have been regarded justly as benign, 
knowledge of the natural history of the lesion in the foot, to judge from the literature and 
from medical records, is vague. At times the lesion is regarded with suspicion; occasionally, 
it is believed to be frankly malignant. 

Because the behavior of these lesions in the foot is poorly understood, we decided to 
review the records, in the files of the Mayo Clinic, of all soft-tissue tumors, both benign 
and malignant, involving the sole of the foot. We found sixty-nine cases of plantar fibro- 
matosis and nine cases of malignant neoplasms of the soft tissues of the sole; these cases 
form the basis of this report. 

REVIEW OF THE LITERATURE 

Pickren and his coworkers, in 1951, reported a series of sixteen cases of plantar | i -o- 
matosis and were able to find reports of 104 cases in the literature. In addition to the cases 
included in their review, the authors have been able to find accounts of the following 
twenty-eight cases: 

Meyerding and Shellito, in 1948, reported a series of twenty-four cases of plantar 
fibromatosis among 882 cases (2.7 per cent.) of Dupuytren’s contracture seen at the Mayo 
Clinie over a twenty-year period. In the same year, Hami.ond and Dotter reported on a 
forty-year-old man who had bilateral involvement of both the feet and the hands. 

Kapiloff and Prior, in 1952, reported two cases of plantar fibromatosis in children. 
One was an eight-year-old Negro boy in whom a tumor developed in the sole after an in- 
jury. The lesion was excised; in the succeeding sixteen months, three additional surgical 
excisions were performed for the persistently recurring lesion. 

Keasbey, in 1953, reported four cases of fibrous tumors in the palmar and plantar 
fascia occurring in children. Three lesions were located in the palm and one in the sole. 
From the information given, we are of the opinion that these were cases of Dupuytren’s 
contracture. 


Pathology 
The literature contains a number of brief descriptions of the pathological changes in 
Dupuytren’s contracture in the hands and in the feet; however, no studies were devoted 


primarily to the pathological aspects of the lesion. 


* Abridgment of thesis submitted by Dr. Allen to the Faculty of the Graduate School of the University 
of Minnesota in partial fulfillment of the requirements for the degree of Master of Science in Pathology. 
+t The Mayo Foundation is a part of the Graduate School of the University of Minnesota. 
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Langhans, in 1887, described the essential pathological features of this lesion in speci- 
mens removed from the hand. He noted the areas of increased cellularity which character- 
ize the lesion and expressed the opinion that the earliest change was increased vascularity 
with proliferation of perivascular fibrous tissue. In 1897, Ledderhose observed the same 
changes in Dupuytren’s contracture involving the plantar fascia. Janssen gave an excellent 
description of the pathological anatomy and was probably the first to call attention to the 
fact that the histological appearance of actively proliferating areas may bear a strong 
resemblance to that in sarcoma. Janssen considered that the disease process was one of 
spotty hyperplasia. Iklé likewise was of the opinion that the condition was one of chronic 
hyperplasia, although he noted inflammatory features. 

In 1941, Meyerding and his associates reported in detail the pathological findings in 
Dupuytren’s contracture of the hands. They believed that the condition was best ex- 
plained on the basis of chronic inflammation. Clay stressed the histological resemblance of 
the lesion to fibromata seen elsewhere in the body, especially desmoid tumors. Pickren 
and his coworkers stated that the histological picture observed in some cases of plantar 
fibromatosis could be interpreted as fibrosarcoma if it were found in other parts of the 
body, but that the process in the foot was clinically benign. 


Relation of Plantar Fibromatosis to Fibromatosis Found Elsewhere 


Kanavel and his associates found plantar involvement in two of twenty-nine cases of 
Dupuytren’s contracture of the hand. In one case there was involvement of the thin 
fascial band which extends from the thumb to the index finger above and parallel to the 
web. The lesions in one other of their twenty-nine cases were noted on the dorsa of the 
fingers. 

In a report concerning 361 epileptic patients (190 males and 171 females), Lund 
studied the occurrence of Dupuytren’s contracture of the hands and of the feet, knuckle 
pads, ‘‘periarthrosis humeri’’, and Peyronie’s disease. As a control group, he studied 
1,021 brewery workers. He noted an incidence of Dupuytren’s contracture of the hands 
at least four times greater in the epileptic patients than in the controls. Of the 361 epilep- 
tic patients, 50 per cent. of the males and 32 per cent. of the females had Dupuytren’s 
contracture of the hands. Plantar fibromatosis was found in twenty-five of the 361 
patients. These twenty-five patients consisted of twelve females and thirteen males. 
Plantar fibromatosis was noted in one of the controls. Of the 361 epileptic patients, twelve 
had “periarthrosis humeri’’. One hundred patients of each sex among the epileptics 
were examined for knuckle pads; this condition was found in twenty-nine males and 
thirteen females. Peyronie’s disease was found in three of the 100 male epileptic patients 
examined for it. 

Knuckle pads were present in twenty-two of Skoog’s fifty patients who had Dupuy- 
tren’s contracture of the hands. None of his patients had Peyronie’s disease or keloids. 
Forty-three of these fifty patients who had palmar fibromatosis were examined for plantar 
involvement; ten patients, all of whom were men, had such lesions in the foot. He found 
knuckle pads in 35 per cent. of eighty-six epileptic patients who had Dupuytren’s con- 
tracture of the hands and in 20 per cent. of 121 epileptics who did not have Dupuytren's 
contracture. Of 207 male epileptics, seven had Peyronie's disease; four of these had palmar 
fibromatosis, and one had involvement of both the palmar and plantar aponeurosis. 

In a study of an unstated number of cases of Dupuytren’s contracture of the hands, 
Bunnell found nine in which plantar lesions were also present. He encountered also eight 
instances of Peyronie’s disease and five cases in which knuckle pads were noted. In one 
case a tight fibrous subcutaneous band extended down the front of the shoulder and the 
arm. 

One instance of Peyronie’s disease was found in the reports of the 104 cases of plantar 
fibromatosis by Pickren and his associates. Keloids were not noted in this group. In their 
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own series of sixteen patients, three had keloidal tendencies. None of the six males in this 
group had Peyronie’s disease. 

Meyerding and Shellito found associated palmar lesions in twelve of their twenty-four 
cases of Dupuytren’s contracture of the foot. 


Etiology 

The number of factors which have been indicted singly or in combination as etiological 
possibilities in Dupuytren’s contracture is truly varied and impressive. Skoog, in his re- 
view of the literature, listed the following general categories: (1) trauma; (2) neuropathy; 
(3) gout and rheumatism; (4) endocrinopathy; (5) faulty development; (6) contraction of 
the palmaris longus; (7) local infection; (8) tuberculosis; (9) chronic intoxication (chiefly 
lead poisoning); and (10) miscellaneous. 


MATERIALS AND METHODS 


As already indicated, a search of the files of the Mayo Clinic from 1907 through 1952 
yielded sixty-nine instances of plantar fibromatosis and nine instances of malignant neo- 
plasms involving the soft tissues of the sole of the foot. 

Of the sixty-nine patients in whom diagnoses of plantar fibromatosis were made, 
thirty-five had had resective operations on the foot for this lesion. Of these, six patients 
also had had resection of palmar lesions. Pathological specimens were available from all 
these patients. 

In two of the sixty-nine cases, specimens were taken at necropsy. In one of these, 
both the feet and the hands were involved and tissue was taken from both the palmar and 
plantar fascia. In the second case there was involvement of the left plantar fascia, with 
associated Peyronie’s disease; tissue was taken from both sites. 

Both plantar and palmar fascia was involved in nine of the sixty-nine cases, but re- 
sective surgery had been performed only on the hands; in four of these cases tissue was 
available for study. 

In a total of twenty-nine cases in our study, specimens were available only from the 
involved plantar fascia; in seven cases specimens were available from both the feet and the 
hands, and in one case tissue was available from the foot and from the penis. In four cases 
specimens were available only from the hands. Thus, pathological specimens were avail- 
able from the foot in thirty-seven of the sixty-nine cases of plantar fibromatosis, whereas 
specimens were available from the hand alone in an additional four cases. 

In the thirty-two cases in which pathological material was not available from the 
feet, involvement of one or both hands was present. These cases are included on the basis 
of the clinical findings. 

Surgical specimens were available in all nine cases of malignant tumors involving the 
sole. 

The clinical records in each of the total of seventy-eight cases were abstracted, and 


follow-up letters were sent in all instances. 


PLANTAR FIBROMATOSIS 


Gross Pathology 

The available specimens consisted of the excised portions of plantar fascia with 
attached fibrous tissue, fat, and, rarely, overlying skin. In nearly every specimen the 
plantar fascia was thickened by formation of a lobulated firm, irregular mass. The thick- 
ened zones consisted of multiple small nodules which merged with each other and with 
the fascial bundles (Figs. 1-A and 1-B). The individual nodules usually measured two to 
four millimeters in diameter but were occasionally larger; the largest discrete nodule was 
eight millimeters in diameter. 
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Fig. 1-A: Drawing showing 
the tumors in the arch of the 
foot and the clinical appear- 
ance of Dupuytren’s contrac- 
ture. (Reproduced with per- 
mission from: Dupuytren’s 
Contracture of the Foot, by 
Henry Meyerding and J. G. 
Shellito. Journal of the Inter- 
national College of Surgeons, 

11: 596, 1948. 

Fig. 1-B: Exposure of the 
plantar fascia, demonstrating 
multiple nodules and thicken- 
ing in Dupuytren’s contrac- 
ture. (Reproduced with per- 
mission from: Dupuytren’s 
Contracture of the Foot, by 
Henry Mevyerding and J. G. 
Shellito. Journal of the Inter- 
national College of Surgeons, 
11: 596, 1948.) 

Fig. 1-C: The excised plan- 
tar fascia, showing an irregular 
tumor in the mid-portion of 
the specimen (actual size). 


A single specimen some- 
several ¥ 


each of 


composed — of 


times contained 
thickened 
was 


areas, 
which 
small nodules. 

On cut section the tu- 
mor sometimes consisted of 
gray fibrous tissue within which fine bands 
and whorls could be seen. In other instances, 
the nodular portions consisted of sharply cir- 
cumscribed zones of dull grayish-vellow tissue 
which contrasted rather sharply with the 
normal silvery, glistening bundles of fibrous 
tissue of the plantar fascia. When the fascia 
was sectioned parallel to the axis of its fibers, 
the glistening bundles of fibrous tissue could 
be followed to the affected portion. At this 
point the fascial fibers became distorted and 
compressed ; sometimes they were interrupted 
by the nodules of tumor. 

The lesion was located in the longitudinal 
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arch in thirty-eight of the forty-two cases in which the portion of plantar fascia involved 
was recorded. In two cases the nodules were located in the plantar fascia at the bases of 
the toes, along the heads of the metatarsals. In one case a nodule was located under the 
head of the third metatarsal bilaterally; involvement of the medial border of the left foot 
also was present. The lesion in one case appeared between the heads of the fourth and fifth 
metatarsals and presented on the dorsum of the foot, as well as on the plantar surface. 
With this single exception, all other lesions presented on the plantar surface of the foot. 

The average size of the nodular, thickened areas was about 3 by 2 by 2 centimeters. 
The smallest excised mass measured 0.5 centimeter: the largest, 9 by 3 by 1.5 centi- 


meters. 
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In most instances the growth presented clinically as a single nodule in the foot, in 
contradistinction to the multiplicity of nodules usually present in the hands. In seven 
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Fig. 2-A: Photomicrograph (X 175; hematoxylin and eosin stain) showing proliferative nodule 
of average cellularity blending with normal fascia on the left. 


Fig. 2-B: Photomicrograph (XX 525; hematoxylin and eosin stain) showing the characteristic 
appearance of proliferating cells. Two mitotic figures are present. 


cases, however, multiple nodules were present in one or both feet before surgical extirpa- 
tion. An interesting finding in seven additional cases after excision of a single nodule was 
recurrence in the form of multiple tumors, usually in the region of the scar. Because of 
the irregular nodularity of the growth, it was not always possible to determine the limits 
of a single tumor. Moreover, it was easy to see how separate nodules coalesced to form a 
single mass. 

The process did not tend to involve adjacent structures. In a single case the growth 
appeared to have developed within the substance of the tendon of the flexor hallucis longus. 
In two cases, in which previous operations had been performed, the masses were densely 
adherent to the skin and to the underlying muscles, nerves, blood vessels, and ligamen- 
tous structures. We did not find gross primary invasion into the muscles and deep structures 
of the foot, although occasionally the growth extended beyond the fascia into the adjacent 
fat and fibrous tissue. In some cases the skin was adherent to the underlying tumor. 


Histopathology 

The microscopic appearance of the lesion is so distinctive as to be diagnostic. The 
nodules seen grossly consisted of islands of proliferating fibroblasts which contrasted 
sharply with the relatively acellular collagenous aponeurotic background. In every in- 
stance examination under low magnification revealed a characteristic nodular, multicen- 
tric pattern of growth. Sometimes these proliferating foci were sharply separated from the 
adjacent compressed fascial bundles, which formed a pseudocapsule. Occasionally the 
nodules were discrete but blended gradually with the surrounding bundles, which were 
not compressed (Fig. 2-A). 

Under higher magnification the cellular areas were seen to be composed of fibroblasts, 
with elongated fusiform or sometimes oval nuclei containing scant, finely vesiculated 
chromatin material, with one or two pale pink, small nucleoli (Fig. 2-B). 


THE JOURNAL OF BONE AND JOINT SURGERY 


| 


SOFT-TISSUE TUMORS OF THE SOLE 


Fig. 2-D 
Fig. 2-C: Photomicrograph (X 220; hematoxylin and eosin stain) showing a proliferating nodule 
with multinucleated cells and moderate variation in size and shape of cells. 


Fig. 2-D: Photomicrograph (X 150; hematoxylin and eosin stain) showing the late stage of the 
disease. The proliferative nodule at the top is relatively acellular and is composed of dense collagen. 


Collagen was present in the actively growing foci in every specimen; quantitatively, 
it usually was in an inverse ratio to the degree of cellularity. The collagen consisted typi- 
cally of a loose network of fine fibers parallel to the axis of the proliferating cells. Variations 


in this appearance will be described later. 

The proliferating fibroblasts generally varied little in size, shape, or staining reaction. 
However, the lesions in four of our cases were exceptions to this general rule, in that con- 
siderable variation occurred in these cytological features and multinucleated giant cells 
were fairly numerous (Fig. 2-C). These giant cells appeared to result from fusion of grow- 
ing cells and the individual nuclei did not appear disproportionately large. 

In most cases rare mitotic figures could be found after prolonged search. In the four 
cases mentioned, in which cellular variation was noted, mitosis was rather common; in one 
case, nearly every high-power field revealed two or three mitotic figures (Fig. 2-B). 

In general, the nodules were highly cellular as compared to normal fascia (Fig. 2-A). 
In nearly every case we were able to find nodules ranging from highly cellular ones to some 
which were relatively acellular and composed mainly of dense and sometimes hyalinized 
collagen (Fig. 2-D). In these latter zones the collagen had lost its fine fibrillar structure 
and was easily distinguished from the normal fascial bundles, between which it was inter- 
posed. One lesion consisted entirely of dense hyalinized nodular tissue interposed between 
the fascial bundles. We were unable to correlate the presence of such areas with either the 
duration of the lesion or the age of the patient. 

A nearly constant finding in our material was the peculiar relationship of the growing 
centers to blood vessels. Within the proliferative nodules themselves the blood vessels 
sometimes showed large hobnail-like endothelial cells which often appeared stratified. Often 
the shape of the lumen was irregular and slitlike because of invagination of proliferating tis- 
sue. More remarkable was the fact that plump fibroblastic cells surrounded the vessel and 
formed a cuff which was from two to eight layers of cells in thickness (Fig. 3). At times 
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this feature formed a striking picture. 
In other cases only- afew such vessels 
were observed. It was, however, a fairly 
constant and distinctive finding. Even 
more unusual, however, was the fre- 
quent presence of these peculiar vessels 
in normal fascia often well removed 
from the proliferative nodules. These 
peculiar perivascular cells sometimes 
appeared to be the origin of the prolif- 
erative nodules. 

Another interesting feature, and 
one which has given rise to much con- 
troversy, was the finding of inflamma- 
tory cells; their presence was observed 
in nearly every case. Almost always 
they consisted predominantly of lympho- 
cytes, but there were also mononuclear 
cells and occasional neutrophils. Char- 
acteristically the cells were perivascular 
in location and well away from the 
proliferative nodules. The vessels in 
these areas sometimes showed the 
proliferative cuffing already described. 
When accessory cutaneous structures 
were included in the section, these in- 
nodule. The wall consists of a thick cuff of proliferating flammatory cells were often seen sur- 
Sbroblaste. rounding sweat glands. Usually the 


inflammatory component of the lesion 
was not a striking characteristic, but in some specimens it was fairly pronounced. Only 
rarely did we observe a few scattered inflammatory cells within the foci of growth. 
Skin was included in only a few specimens. Sweat glands were identified occasionally. 
The proliferating nodules were sometimes in close proximity, and in one case the sweat 
glands were surrounded by dense fibrous tissue. 
In only one case was there evidence of invasiveness, demonstrated by inclusion of 
muscle cells within the proliferating tissue. It was difficult to interpret this feature, since 
four surgical operations had been done previously for this lesion. One of the sections in 


this same case showed a traumatic neuroma. 


Clinical Data 
The sex distribution in these sixty-nine cases of plantar fibromatosis was forty-three 
males and twenty-six females. 

The age at onset was less than thirty years in twenty-four cases (35 per cent.). In two 
cases the lesion was present at birth. After the age of thirty the incidence of onset of the 
lesion showed a progressive increase in the fourth, fifth, and sixth decades of life (11, 16, 
and 24 per cent., respectively). 

Involvement of the right foot only was present in eighteen cases, whereas the left 
foot only was involved in twenty-four; in twenty-seven cases the lesion was bilateral. 

Twenty-three patients stated that they had noted pain. This varied in severity from 
infrequent mild pain after long standing or walking to pain which was severe enough to 
incapacitate the patient. Fourteen patients had not experienced pain. The records con- 
cerning thirty-two patients did not state whether or not pain was present; in these patients 
it may be inferred that pain was not present or was not prominent. 
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Recurrence after Surgical Excision 

In twenty-eight cases a single excision only had been performed; the lesion recurred 
in fifteen of these cases. In five of the twenty-eight cases there was no recurrence. In the 
remaining eight cases it is not known whether or not recurrence took place. 

Two excisions were performed in seven cases; known recurrence took place in four of 
these. In one case no recurrence was present seven years after the later operation and in 
another no recurrence was present four years after surgical treatment. It was not stated 
whether or not recurrence took place in the remaining instance. 

The lesions were excised three or more times in three cases. In one of these cases the 
lesion was excised from the right foot three times within three months. When it recurred 
the foot was amputated. A lesion developed later in the opposite foot. In one case the 
lesion was excised four times within three and one-half years, yet it again recurred. Five 
excisions were done over a ten-year period in the third case; the lesion recurred and has 
persisted. These clinical data include three cases in which excision was done elsewhere, in 
addition to the thirty-five cases in which excision was done at the Clinic. 

In seven cases, treatment with radium or roentgen rays, or both, was used in addition 
to excision; no apparent beneficial effect was noted. 

The interval between surgical excision and recurrence was less than three months in 
eight cases, in two of which the lesions recurred almost immediately. In eight cases the 
lesions recurred six months to one year after operation. In four cases the lesions recurred 
between one and two years after excision. The interval was not recorded in two cases. 


Course 


The course of the disease is long and may extend over the patient’s lifetime. We were 
especially interested in the course of the lesion when the onset was early in life. This 
series included eight patients who were less than twenty years of age when the lesion 
appeared. In only one of these, a seventeen-year-old girl, was the lesion bilateral; none of 


them had associated palmar lesions. Three cases are of special interest to illustrate the 
natural course of the disease. 

A man, thirty-three years old, was seen at the Clinic in 1915, at which time a tumor was removed from 
the sole of the right foot. The lesion had been present since childhood. At the last follow-up, in 1952, the pa- 
tient was seventy-one years of age. The lesion had recurred on the foot within one year after operation, but 


had given no further trouble. At present both hands are involved. 


A man, twenty-three years old, had noticed a tumor in the sole of the left foot for about fifteen years. 
Within the year preceding admission he had noted similar involvement of the right foot and Dupuytren’s 
contracture of both hands. 

A thirty-year-old man had noted a tumor in the sole of the right foot since childhood. Involvement of 
the left hand had become evident seven years prior to admission, and one and a half years before admission 
lesions had been noted in the right hand. One year before the patient was admitted, a tumor had appeared 


in the sole of the left foot. 


Association with Fibromatosis Elsewhere 

In twenty-four cases the lesion involved the plantar fascia only and in each of these 
the diagnosis was proved histologically. 

In forty-five cases both palmar and plantar fascia was involved. The order of oc- 
currence was recorded in twenty-six of these cases. In fourteen of them the lesion appeared 
first in the hands. Ten years or more had elapsed before the lesion appeared in the feet in 
four cases, whereas five to ten years had passed in eight cases; in the remaining two cases 
the interval was four years. 

In ten of the twenty-six cases in which the order of occurrence was noted, the lesions 
appeared first in the feet. In three cases the intervals before the lesions appeared in the 
hand were twenty, thirty, and forty years, respectively. In two cases the time interval 
was ten to twenty years. In three cases the interval was two to five years. In the remaining 
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two cases the lesions appeared in the hands less than one year after they had been noted 
in the feet, the intervals being two and two and one-half months, respectively. 

In the remaining two of the twenty-six cases in which the order of occurrence was 
noted the lesions appeared simultaneously in both palmar and plantar fascia. 

Penis plasticus (Peyronie’s disease) was associated in three cases. In two of these there 
was involvement of the plantar fascia only, and in one there was involvement of both feet 
and both hands. 

Knuckle pads were present in three cases, in all of which both the palmar and plantar 
fascia was involved. 

Keloids were associated in four cases. In two of these both palmar and plantar fascia 
was involved, whereas only plantar fascial lesions were present in two. 

Firm subcutaneous nodules were noted in ligamentous tissue elsewhere in two cases, 
in each of which involvement of both palms and both soles was present. Bilateral involve- 
ment of the tensor fasciae femoris was noted in one of these. In the second case firm subcu- 
taneous nodules were noted over the flexor tendons of both wrists and in the tendons of 
both shoulders; knuckle pads were also present. 

Desmoid tumors were not found in any of our cases. 

Epilepsy was present in three of the sixty-nine cases. Craniotomy was performed in 
one of these and an intracerebral dermoid cyst containing hair and sebaceous material was 
discovered. The patient died after operation. 
Comment 
It is apparent that plantar fibromatosis has been mistaken in times past for a malig- 
nant neoplasm. In our series, a histological diagnosis of fibrosarcoma was made originally 
in eight cases; in two of these the diagnosis appeared to be corroborated clinically on the 
basis of rapid recurrence after operation. These erroneous diagnoses were made twenty 
years ago or more, before sufficient experience had accumulated to permit clinical and 
pathological definition of the lesion. 

Amputation for this lesion was performed in only one of our cases. 

A woman, fifty-eight years old, noted a tender mass in the right sole. This tumor was excised but re- 
curred within two weeks. Excision was again performed and within one month the lesion had again recurred. 
At this time the foot was amputated. As indicated previously, six months later a similar nodule appeared in 
the left sole. Two years later this lesion was excised; follow-up examination fourteen years later showed no 
recurrence. 
The actively proliferating nodules of fibroblasts, sometimes showing cellular variabil- 
ity, mitotic figures and, rarely, invasive properties, easily may be mistaken histologically 
for a malignant neoplasm. Nevertheless, we consider that the microscopic features are 
highly distinctive. 

If the lesion is associated with palmar lesions or Peyronie’s disease, or if both feet are 
involved, the diagnosis is almost certainly plantar fibromatosis. In the eight cases in our 
series in which an erroneous diagnosis of malignant neoplasm was made, the lesion affected 
one foot only in three cases, both feet in two cases, one foot and both hands in one case, 
and one foot and one hand in one case; involvement of one foot in association with Pey- 
ronie’s disease was present in the eighth case. Clinically these lesions exhibit other features 
which may render it difficult to differentiate them from malignant neoplasms. The lesion 
may recur rapidly after excision. Excision of a single mass may be followed by recurrence 
in the form of multiple nodules. The lesion in plantar fibromatosis, like a malignant neo- 
plasm, is sometimes adherent to the skin and in some instances to the deep structures of 
the sole of the foot. 

Follow-up information in our series emphasized the fact that plantar fibromatosis is 
a benign process. No instance of metastasis was found, although many local recurrences 
of the lesions were noted in some cases. The duration of follow-up studies in this series 
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Case 1. The specimen (X 250; hematoxylin and eosin stain) is taken from a liposarcoma of 
the sole. The neoplastic cells are large and vacuolated and contain sudanophilic material. 


covered a period up to thirty-nine years; the period was more than five years in nineteen 
vases. In some cases, as already mentioned, the lesions appeared first in the foot, to be 
followed after a variable period by involvement of the fascia of one or both palms, the 
latter lesion admittedly being a benign one. We have been unable to find any evidence 
in the literature or in our series to indicate that plantar fibromatosis pursues the course of 
a malignant neoplasm. 
MALIGNANT NEOPLASMS OF THE SOFT TISSUES OF THE SOLE 

We have been able to discover only five reports of malignant soft-tissue tumors of the 
sole. In a report of fifteen cases of synovioma, Coley and Pierson, in 1937, described one 
case in which the lesion began in the sole. 

Briggs, in 1942, reported a series of nine cases of synovioma, in one of which the 
lesion was located in the sole. 

In 1940, Collins and Anspach reported on a nineteen-year-old man who, at the age 
of fourteen years, had noted soreness in the right sole; about one year later a swelling 
appeared. When he was sixteen years of age, a biopsy specimen was obtained and a diagno- 
sis of fibrosarcoma was made; amputation was advised but was refused. Roentgen-ray 
treatment was given. Two years later biopsy of lymph nodes from the right groin revealed 
metastatic spindle-cell sarcoma. One year later widespread pulmonary metastasis appeared 
and the patient died. 

Zarzecki reported a series of thirty-eight cases of fibrosarcoma of the extremities. In 
one case, in which death occurred, the tumor was located on the plantar surface of the foot. 

Bennett reported a study of thirty-two synoviomata in 1947; he found one case in 
which the neoplasm was located on the sole. 

In our material, the soft-tissue tumors presenting in the sole could be divided into 
two sharply defined categories, namely, the benign lesions, consisting entirely of plantar 
fibromatosis, and the malignant neoplasms. There were no instances of benign tumors 
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Case 2. Specimen (X 250; hematoxylin and eosin stain) from a synovioma of the sole. The 
characteristic appearance of the glandlike spaces and the malignant fibrous-tissue component is 
shown. 


arising from nerves, blood vessels, muscles, or other soft-tissue components. As indicated 
previousiy, we found nine cases of malignant neoplasms of the soft tissues of the sole. 


REPORT OF CASES 
Case 1. A woman, sixty-five vears old, had noted a tumor on the right sole for three years. The mass was 
not painful but interfered with wearing a shoe. The lesion had been excised one and one-half years before 
admission and again nine months before admission, but each time it had recurred soon after operation. Ex- 
amination revealed a soft tumor in the sole; it measured four centimeters in diameter and was attached 
to the skin. The lesion was excised and was diagnosed histologically as liposarcoma (Fig. 4). Amputation 
was refused by the patient. The tumor had not recurred ten months after operation. 


Case 2. A man, thirty-four years old, first noticed a lump in the left instep nine years before admission; 
five years before admission the tumor was excised, but it recurred and grew slowly until eight months before 
admission, when it was again excised. The site of surgical excision had failed to heal, and a persistent draining 
sinus was present. Examination disclosed a soft tumor which measured six centimeters in diameter and oc- 
cupied the entire mid-portion of the left sole. The foot was amputated at the ankle. The patient died of pul- 
monary metastasis one and one-half years later. The surgical specimen showed extensive involvement of the 
soft-tissue structures of the sole by the tumor. Histological examination revealed a synovioma (Fig. 5). 


Case 3. A man, forty-six years old, came to the Clinic because of a tumor in the arch of the right foot of 
fifteen months’ duration. Six months before admission a two-centimeter tumor had been excised from the 


right foot; it recurred, grew rapidly, and was again excised three months later. Examination showed a soft, 
tender subcutaneous tumor measuring three centimeters in diameter and occupying the mid-portion of the 
right sole. A mid-thigh amputation was performed. The patient died one and one-half years later with 
roentgenographic evidence of extensive pulmonary metastasis. The surgical specimen showed extensive 
involvement of all the soft tissues of the sole by the tumor. Histological examination showed the tumor to be 


synovioma. 


Case 4. A man, forty-four vears old, came to the Clinic because of swelling in the left sole of four years’ 
duration. Six months before admission the foot had become swollen and painful and appeared fluctuant. The 
tumor was “lanced” without relief and a draining sinus had persisted. Examination disclosed a large, soft, 
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tender mass occupying the left sole. A below-the-knee amputation was performed. The patient died one and 
one-half years later with roentgenographie evidence of extensive pulmonary metastasis. The surgical speci- 
men showed extensive involvement of all the soft-tissue structures of the sole by the tumor. Histological ex- 


amination revealed a synovioma. 


Case 5. A sixteen-year-old boy came to the Clinic because of a tumor in the right sole of nine years’ 
duration. Two years after onset the mass had reached a diameter of one centimeter; it was excised but was 
not examined histologically. Nine months before admission a painless mass had appeared in the right groin. 
Two weeks before admission this mass, which was the size of a walnut, had been excised and a diagnosis of 
sarcoma had been made. Examination disclosed an unhealed inguinal surgical incision. In the right sole was a 
firm, freely movable nodule measuring 1.5 centimeters in diameter; this mass was excised and was reported 
to be a sarcoma. Roentgen-ray therapy was given after operation. Six years later an abdominal mass and 
ascites developed and the patient died. Necropsy was not performed, but the patient was considered to have 
metastatic sarcoma. Histological examination of the tumor excised from the foot revealed a synovioma. 


Case 6. A man, twenty-seven years old, came to the Clinic because of a swelling of the right sole of six 
months’ duration. The mass had become fluctuant and four days before admission had been incised, with 
drainage of what appeared to be purulent material. Examination revealed a large, soft, tender mass which 
occupied the entire mid-portion of the right sole. Roentgenographic examination showed destruction of the 
tarsal bones. Biopsy of the lesion revealed sarcoma and a below-the-knee amputation was performed; fifteen 
months later the patient died of pulmonary metastasis. The surgical specimen showed extensive involvement 
of the soft tissues of the sole and destruction of the tarsal bones by the tumor. Histological examination dis- 


closed that the tumor was a synovioma. 


Case 7. A man, forty-eight years old, came to the Clinic because of a tumor of the left sole of unstated 
duration. Two years before admission a small tumor had been excised from the arch of the left foot and had 
been diagnosed as a fibroma; the tumor recurred almost immediately. Examination showed a large mass 
occupying the arch and most of the sole of the left foot. A below-the-knee amputation was performed. The 
patient died one and one-half years later of extensive pulmonary metastasis. The surgical specimen showed 
extensive involvement of the soft tissues of the sole by the tumor. Histologically the tumor was found to be a 


synovioma. 


Case 8. A man, forty-six years old, had noted three small nodules on the dorsum and a larger tumor in 
the sole of the right foot for six months. These had grown slowly. One month before admission one of the 
nodules had been excised and a histological diagnosis of sarcoma had been made. Examination revealed three 
firm nodules on the dorsum of the right foot and a larger tumor which bulged in the arch of the foot. Amputa- 
tion through the lower portion of the thigh was performed. Thoracic roentgenograms revealed widespread 
pulmonary metastasis two and one-half years later. The patient was lost to follow-up. Histological examina- 


tion showed that the tumor was a synovioma. 


Case 9. A thirty-year-old woman came to the Clinic because of a tumor in the left sole of two years’ 
duration. The mass had grown slowly and was painful on walking and at night. Nine months before admis- 
sion the tumor, which had reached a diameter of five centimeters, had been excised. Four months later amass 
had reappeared and soon after similar, smaller nodules had appeared in the sole. The lesions were extremely 
painful. Examination disclosed a tender mass measuring five by seven centimeters and occupying the mid- 
portion of the left sole. The leg was amputated; one and one-half years later the patient died with the clinical 
diagnosis of metastatic sarcoma. Histological examination showed the tumor to be synovioma. 


SUMMARY AND CONCLUSIONS 


Sixty-nine cases of plantar fibromatosis and nine cases of malignant neoplasms involv- 
ing the soft tissues of the sole form the basis of this study. Of the nine malignant neoplasms 
in this series, eight were synoviomata and one was a liposarcoma. The behavior of these 
tumors in the foot does not differ from that of such tumors elsewhere in the body. 

In twenty-four of the sixty-nine cases of plantar fibromatosis in this series, the lesions 
involved plantar fascia only; in the remaining forty-five cases, both palmar and plantar 
fascia was involved. Peyronie’s disease was found in three cases. Knuckle pads were 
present in three cases and keloids were associated in four. Firm subcutaneous nodules in 


ligamentous tissue elsewhere were noted in two cases. 
The average age of onset of plantar fibromatosis was in the fourth decade of life. One 
third of the patients were younger than thirty years at the time of onset; the lesion was 
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congenital in two patients. There were forty-three males and twenty-six females in this 


series of sixty-nine cases of plantar fibromatosis. Following surgical excision in thirty-eight 
cases of plantar fibromatosis in this series, the lesion is known to have recurred in twenty- 


five cases, in most instances within one year after operation. 


The course of plantar fibromatosis is apt to be long and only slowly progressive. In 


the great majority of cases the lesion is relatively asymptomatic. Pain is usually infrequent 


and mild. 


of 


Fibromatosis may be mistaken histologically for a malignant neoplasm on the basis 
actively proliferating fibroblasts, cellular variability, mitotic figures, and, on occasions 
especially after previous surgical treatment — apparently invasive properties. The 


histological features are diagnostic to the pathologist familiar with this lesion. 


w 


bo 


comes malignant. 


Plantar fibromatosis is a benign lesion. There is no evidence that the lesion ever be- 
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THE SURGICAL MANAGEMENT OF RESIDUAL DEFORMITIES OF THE 
SHOULDER FOLLOWING BIRTH INJURIES OF THE BRACHIAL PLEXUS * 


BY JACK WICKSTROM, M.D., EDWARD T. HASLAM, M.D., AND 
ROBERT H. HUTCHINSON, M.D., NEW ORLEANS, LOUISIANA 


From the Division of Orthopaedics, School of Medicine, Tulane University, New Orleans 


The purpose of this presentation is to report on the management of fifty-four patients 
with birth injuries of the brachial plexus and especially to evaluate various operative 
procedures employed to correct residual deformities of the shoulder in twenty-four of 
these patients. 

Paralysis of the arm resulting from injuries to the brachial plexus sustained at birth 
has been recognized since Smellie mentioned the entity in a book on midwifery published 
in 1764. Duchenne, Erb, and Klumpke subsequently described the mechanism of injury 
and site of nerve trauma producing the types of paralysis which have since been associated 
with their names. During the later part of the nineteenth century and early part of 
the twentieth century numerous articles appeared by Fieux, Schoemaker, Fairbank, 
Taylor ***°, Danyau, Boyer, and Sever, to name but a few, from which has evolved 
much of our present concept of the pathological anatomy and the basic principles of 
management of birth injuries of the brachial plexus. 

As a result of improved obstetrical techniques, the incidence of birth palsies has 
decreased. With the decrease in incidence there has been a decrease in interest in the 
problem, as is apparent from the relatively few articles which have appeared in the recent 


literature. 


CLASSIFICATION 


Rather than to attempt to group our patients according to the classic descriptions of 
Erb and Duchenne or of Klumpke, we have classified them according to the components 
of the plexus injured (upper component, lower component, or the entire plexus), the 
severity of damage as manifested by the extent of paralysis, and the degree of function 
achieved, as well as the time required for this. Of our fifty-four patients, thirty-six had 
principal involvement of the fifth and sixth cervical roots or their derivatives, four had 
involvement of the eighth cervical and first thoracic roots, and fourteen had some involve- 
ment of all components of the plexus. 

In general, injuries of the upper components of the plexus were less severe than were 
injuries of the entire plexus or of the lower components. This may be explained by the 
larger size of the proximal portions of the cords and trunks and the more secure protection 
afforded by the enveloping fascial sheaths of the upper roots of the plexus **. 


Twenty-eight of the patients in this series were classified as having minimal damage 
to the components of the plexus. In most of these the upper roots were involved. Muscle 
power returned within three to six months without significant residual impairment of 
function in the arm. The authors postulate that the pathological anatomy present in these 
cases consisted of perineural adhesions and constricting cicatrices resulting from oedema 
of the plexus and epineural hemorrhage. This may be sufficient to impair axon function, 
as evidenced by demyelinization of the nerves above and below the site of constriction 


as described by Prout °. 
Increased traction on the plexus produces actual disruption of nerve fibers at multiple 
points along the course of the nerve.t Some fibers remain intact; others regenerate across 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 25, 1954. 
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CLASSIFICATION 
AS TO PLEXUS INVOLVEMENT 
AND SEVERITY OF NERVE INJURY 


36 


3 


MINIMAL. 28 
MODERATE.18 
Severe-d 


O 


NUMBER OF PATIENTS 


4 


4 


UPPER WHOLE LOWER 


Cuart I 


the sites of separation, while still others become enmeshed in multiple neuromata. More 
severe stresses may completely disrupt the entire nerve. Such disruptions usually oecur 


at the intervertebral foramen, but they may represent avulsions of roots from the spinal 
cord.” The lack of coordination and dyskinesia observed in those patients with moderate 
or severe plexus damage has been attributed to interruption of spinal-cord centers by 
Milgram. Gross pathological lesions of the spinal cord have been described by a number 


of authors 
There were eighteen patients in the group with nerve damage classified as moderate. 


These exhibited incomplete or poor recovery of function at the end of six to eighteen 


months. 

Kight patients showed little or no improvement in motor function at the end of 
eighteen months and were classified as having severe damage. Three of these had Horner’s 
syndrome (evidence of first thoracic-root damage) and four had root avulsion, as evidenced 
by paralysis of the rhomboids, levator scapulae, and serratus anterior (impairment of 
dorsal scapular and anterior thoracic nerves) “. Four had sensory-nerve as well as motor- 


nerve damage (Chart I). 


TREATMENT 


Non-operative management consisted in protection of the paralyzed muscles by 
pinning the arm above the head in newborn infants, followed by use of a modified Fairbank 
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MANAGEMENT OF BIRTH INJURIES OF BRACHIAL PLEXUS 


TABLE I 


RESPONSE TO NON-OPERATIVE REGIMEN IN Firry-FOUR PATIENTS 


Excellent Satisfactory Poor Total 
No. No. Per cent. Per cent. 


No. Per cent. 


Per cent. 


Minimal damage 7 12.9 21 38.8 28 51.8 
Moderate damage 2 3.7 16 29.6 18 33.3 
Severe damage s 14.8 8 14.8 


99.$ 


Total 


splint for three to five months. The splint was used at night for an additional three to 
twelve months. This was accompanied and followed by passive and assisted active motion 
carried out under the parents’ supervision. As soon as cooperation could be obtained from 
the child, active motion and the use of a shoulder-exercise wheel (improvised from bicycle 
wheels in various sizes) was insisted upon to maintain and increase the range of abduction 
and rotation in the shoulder. This regimen was not carried out in its entirety in patients 
first seen after infancy. Older children were started on the corrective exercises already 
described; an abduction splint was used in a few in an attempt to stretch contractures. The 
response to splinting in older children was discouraging. 

Although twenty-eight patients with minimal nerve damage and two with moderate 
damage (55.5 per cent.) showed adequate response to conservative therapy in from three to 
six months, only seven (12.9 per cent.) had completely normal recovery of all shoulder, 
arm, and hand functions. Twenty-two showed some limitation of the range of external 
rotation and abduction and one had slight limitation of internal rotation and abduction. 
In spite of the limitation of the range of abduction, these shoulders were held in a position 
of 10 to 15 degrees of abduction and were not adducted against the chest wall as the classic 
description implies. Sixteen patients (29.6 per cent.) with moderate nerve damage re- 
sponded rather poorly to non-operative management for six to eighteen months and the 
eight patients (14.7 per cent.) with severe nerve damage showed poor return of function 
in spite of a conservative regimen for as long as twenty-eight months (Table I). 


RESIDUAL DEFORMITIES OF THE SHOULDER 


Analysis of the 87.1 per cent. of patients with varying degrees of residual impairment 
showed that the most common deformity was an internal-rotation contracture and 
limited abduction of the shoulder. 

Although these patients presented a variety of other abnormalities of function and 
interesting problems of reconstruction, we have elected to evaluate the correction of the 
most common shoulder deformities, since all stem from the imbalance between the unim- 
paired internal rotators and the weak or paralyzed external rotators. If the shoulder 
remains in a position of marked internal rotation, secondary flattening of the humeral 
head and deformity of the glenoid cavity develop as the child grows. This occurred in six 
patients; in one of these it occurred bilaterally. Persistent tight internal rotation forces 
the humeral head posteriorly into the glenoid cavity and may result in posterior disloca- 
tion of the shoulder. This was observed in five patients. 

Fairbank attributed posterior dislocation of the humerus to immobilization of the 
shoulder in an abduction splint which allows the shoulder to flex forward. We feel that the 
persistent position of tight internal rotation with attempts at flexion of the shoulder to 
bring the hand forward to the face probably produces the posterior displacement of the 
humeral head. Posterior dislocation occurred in two patients who had not been treated 
in an abduction splint. 
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“Beaking”’ and forward displacement of the acromion and downward prolongation 


HUTCHINSON 


of the coracoid are other bone deformities of the shoulder secondary to the internal-rotation 


contracture *. 


INDICATIONS FOR SURGERY 


Internal-rotation contracture and weak abduction in the shoulder produce difficulty 


in bringing the hand to the mouth or to other portions of the head. Because of the com- 
bination of these two factors, we were unable to determine the exact degree of limitation 
of external rotation which could be used as an indication for surgical intervention. An 
internal-rotation contracture of more than 20 degrees, however, necessitates flexion of 
the head forward and toward the involved side, as well as awkward abduction and flexion 
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of the shoulder to allow the 
hand to reach the mouth. If 
the internal-rotation contrac- 
ture is more than 45 degrees 
and abduction of the shoulder 
is moderately limited, it may 
be impossible to bring the 
hand to the mouth. This is 
especially true if there is as- 
sociated impairment of mo- 
tion in the elbow, forearm, or 
wrist. 

All reconstructive proce- 
dures about the shoulder have 
as their objective an increase 
in the range of external rota- 
tion and abduction. If the 
glenohumeral joint is free of 
bone deformities, this objec- 
tive may be obtained by 
simple tenotomies to release 
the contracted internal rota- 
tors; these procedures may be 
performed alone or they may 
be combined with tendon 
transplantation to increase 
the power of the external 
rotators. If dislocation or in- 
congruity of the glenohumeral 
Fig. 1: Diagrammatic representa- 
tion of the Sever release of the pec- 
toralis major and subscapularis ten- 
dons in order partly to correct 
internal-rotation contracture. Note 
that the capsule is not disturbed and 


the teres major and latissimus dorsi 
tendons remain intact. 


Figs. 2-A and 2-B: Photographs of 
an eleven-year-old boy seven years 
after a Sever operation. The increase 
of external rotation to 120 degrees 
immediately after operation gradu- 
ally diminished to 55 degrees be- 
tween the second and seventh year 
after operation. 
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MANAGEMENT OF BIRTH INJURIES OF BRACHIAL PLEXUS 
TRANSPLANT TO RESTORE MUSCLE BALANCE 
) 


DELTOID. N eZ CIRCUMFLEX; 


UNDER 


OSTEOPERIOSTEAL 
FLAP 


CUT EDGE 


OF 
PECTORAL | 
SUTURE JOINING \\ LATERAL HEAD AND 
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+ TERES MAJOR TENDONS 


ANTERIOR POSTERIOR. 
Fia. 3 
Diagrammatic representation of the L’Episcopo tendon transplantation to restore muscle balance in 
the shoulder. The capsule is opened and the head of the humerus is inspected before the teres major 
and latissimus dorsi are transplanted posteriorly and laterally to act as external rotators. 
joint is present, release of contractures or tendon transplantation cannot be expected to 
improve the function or the position of the extremity. Open reduction of the shoulder or 
osteotomy of the humeral shaft must then be resorted to. There were twenty-four patients 
in this series with sufficient dysfunction of the extremity, because of shoulder deformity, 
to warrant surgical intervention. Thirteen had surgical procedures of tendons and in 
eleven bone or joint procedures were required. 
OPERATIVE PROCEDURES 

Three patients had simple release of the internal-rotation contracture by sectioning 
of the pectoralis major and subscapularis muscles as advocated by Sever ” (Fig. 1). All 
three showed improved external rotation of the shoulder without an increase in the range 
of abduction. One child maintained the increased range of external rotation for four years, 
at which time he was lost from further follow-up. The other two showed a gradual loss in 
the range of external rotation obtained at surgery; this was first noted at eight months 
and twenty-six months after operation, respectively. In one the improvement in the range 
of external rotation decreased 45 degrees (from 120 to 75 degrees) in five years; in the 
other, 65 degrees (from 120 to 55 degrees) in seven years (Figs. 2-A and 2-B). 

Ten patients had release of the internal-rotation contracture by sectioning of the 
pectoralis major and subscapularis, together with transplantation of the teres major and 
latissimus dorsi attachment posteriorly and laterally under the lateral head of the triceps 
(Fig. 3). L’Episcopo '7"8 first described this technique in 1934 and modified the procedure 
in 1939. Kast published a similar technique in 1939 and stated it to be a modification of a 
transplantation described by Ansart. The results in this series were considered to be 
excellent in six cases and good in three; one was a failure. Those patients with excellent 
results had an improvement in the range of external rotation to at least 120 degrees and 
abduction to 120 degrees (Figs. 4-A, 4-B, and 4-C). The three with good results exhibited 
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Fig. 4-C 

Figs. 4-A, 4-B, and 4-C: Photo- 
graphs of a thirteen-year-old girl 
five vears after the L’Episcopo 
operation on the left shoulder. 
The preoperative range of abduc- 
tion had been from 15 to 55 de- 
grees, and of external rotation 
from 0 to 40 degrees. Postopera- 
tively the range of abduction im- 
proved from 15 to 120 degrees 
and external rotation from 0 to 
120 degrees. 

Figs. 5-A and 5-B: Photographs 
of a sixteen-year-old girl four 
years after derotation osteotomy 
above the insertion of the deltoid 
muscle. Before surgery a limited 
range of external rotation from 
0 to 120 degrees — had prevented 
her from bringing her hand to her 
mouth. After operation an in- 
crease of 20 degrees in the range 
of abduction (to 90 degrees) was 


Fia. 5-A 


also obtained. 


Fic. 5-B Fig. 6: Photograph of a seven- 
year-old boy two years after osteotomies of both humeri to 
correct severe internal-rotation contractures. This child could 
oppose only the back of his hands below his waist and had 
developed the prehensile function of his toes to the point where 
he ate with his feet. In addition to the derotation osteotomies, a 
number of other procedures were required to correct deformities 
in the elbow, wrist, and hand and to salvage residual function. 
Abduction in the right shoulder increased from 60 to 95 degrees 
and in the left shoulder from 40 to 110 degrees after operation. 
an improved range of external rotation to 100 
degrees and abduction to 100 degrees. The one 
failure resulted from incongruity of the joint not 
recognized preoperatively or at the time of surgery. 
In contrast to the patients who after the Sever 
procedure had gradual loss of improvement in the 
range of external rotation, motion in the patients 
in this last group appeared to improve at subse- 
quent examinations. The period of follow-up in 


this group varied from one to five years. 
There were six patients who exhibited flattening of the humeral head or incongruity of 
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Schematic drawing of Fairbank’s open reduction of a posterior dislocation of the humeral head after 
sectioning of the pectoralis major and subscapularis tendons. Removal of a portion of the coracoid 
process when it projects downward is frequently necessary to secure reduction. The transfixing pin is 
cut immediately below the skin and removed after four weeks. 


the glenohumeral joint of sufficient degree to prevent rotation of the humerus. An oste- 
otomy of the humeral diaphysis above the insertion of the deltoid was performed, which 
allowed the head to remain in its position of internal rotation, while the arm was 
externally rotated into a position of function. The amount of external rotation was 
determined at operation by actual testing. A position which would allow the hand to 
be brought to the mouth by flexion of the elbow with the arm at the side was selected 


Fic, 8-A Fic. 8-B Fig, 8-C 
Photographs of a twelve-year-old child three years after open reduction of a posterior dislocation of the 
shoulder. The preoperative range of abduction had been from 15 to 75 degrees; after operation this range 
was to 140 degrees. External rotation, which before operation had been limited to 50 degrees, is now 
possible to 130 degrees. 
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TABLE II 


Resvuuts OF RECONSTRUCTIVE SURGERY IN TWENTY-FOUR PATIENTS 


Results 
Procedure No. of Patients Excellent Satisfactory Failure 


Sever 

L' Episcopo 
Fairbank 
Osteotomy 


* 


Total ‘ 11 


* Osteotomy did not increase function of the shoulder to the same degree as other reconstruction pro- 
cedures, because of the more severe pathological involvement in these cases. 

+ Arthrodesis was performed in one of the patients in whom there had been failure and is anticipated in 
another. 
and was then maintained by internal fixation. This procedure did not restore excellent 
function to the shoulder, but did allow the hand to be brought to the mouth without 
conspicuous forward flexion of the shoulder or lateral bending of the heac and_ neck. 
Two patients did exhibit increased range of abduction following osteotomy (Figs. 5-A, 
5-B, and 6). L’Episcopo suggested that lateral rotation of the deltoid insertion below 
the osteotomy site afforded a mechanical advantage for deltoid action. This factor, 
together with the intensive postoperative exercises, probably accounts for the improve- 
ment in abduction observed. 

Five patients had posterior dislocation of the humeral head with fixed internal- 
rotation deformity of the shoulder. Open reduction of the dislocation, with release of the 
pectoralis major and subscapularis as described by Fairbank, was performed, but was 
modified by transfixing the humeral head to the glenoid cavity in external rotation with 
a Steinmann pin for four weeks after operation (Fig. 7). Immobilization of the shoulder 
was continued for an additional three weeks after removal of the pin. Restoration of 
function to the shoulder was excellent in four patients (Figs. 8-A, 8-B, and 8-C); one 
patient, however, continued to have posterior subluxation, experienced pain, and had little 
improvement in function. Arthrodesis of the shoulder is anticipated in this case. 


DISCUSSION 


Twenty of the twenty-four patients who had various types of reconstructive proce- 
dures about the shoulder had excellent or satisfactory improvement in motion at the 
shoulder or in function of the extremity. Those patients with less severe plexus damage 
and more normal residual function in the elbow, forearm, and wrist showed the greatest 
improvement in function after surgical correction of the internal-rotation contracture of 
the shoulder. It must be pointed out that, even in those patients with more severe damage 
to the plexus and poor residual function of the arm, significant, and sometimes surprising, 
improvement in function followed correction of the shoulder deformity. Restoration of the 


position of function to the arm was paralleled by an increase in use and function of the arm. 
Active external rotation was not only more complete immediately after operation in 


those patients who underwent the L’Episcopo procedure, but was maintained better than 
in those who had the Sever operation. We believe-the gradual decrease in the range of 
external rotation observed in two thirds ef this second group results from two factors: 
first, the failure completely to release the internal-rotation force contributed by the 
latissimus dorsi and subscapularis and, second, the failure to increase the power of ex- 
ternal rotation. The increase in operative time and the technical difficulties of the L’ Epis- 
copo transplantation appear to be justified. 

Other transplantations about the shoulder have been performed by Moore and Barr. 
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Moore’s transplantation of a portion of the anterior half of the origin of the deltoid to 
the scapular spine reportedly improved lateral abduction of the arm. Barr has trans- 
planted the subscapularis tendon posteriorly and laterally to function as an external 
rotator. We have had no personal experience with either procedure. } 

Direct repair of the plexus as advocated by Kennedy and by Taylor *7%2° does not 
appear to improve the function over that attained by non-operative treatment and was 


not employed in any of our patients. 

The improvement in function of the entire arm noted when deformities of the shoul- 
der had been corrected has been a most striking feature in those patients with posterior 
dislocation of the humeral head. Successful reduction of the shoulder restored the arm 
to a position of function and increased the efficiency and function in all components of the 
arm. Although no attempt was made to repair or to reinforce the capsule or other struc- 
tures in the front of the shoulder, none of the shoulders have dislocated anteriorly. As 
noted previously, one subluxated posteriorly and was classed as a failure. 

The improvement in function of the whole arm which paralleled improvement. in 
position was again noted in those patients in whom derotation osteotomies of the humerus 
were performed above the insertion of the deltoid. The increased difficulties of osteotomiz- 
ing the humerus at this site seem to be justified by the increase in function of the deltoid 
noted in several patients. The authors recognize the role which concentrated activity «.nd 
exercise have played in the improvement noted, but they believe that the major factor in 
increased function has been restoration of the arm to a position of function. 
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DISCUSSION 

Dr. Cart KE. Bapcuey, ANN Arsor, MicuiGan: After the preliminary treatment of the upper-arm 

type of brachial plexus palsy in the younger age group, we have found that not infrequently the arm is fixed 

in a fibrous ankylosis in abduction and external rotation. These children do exceedingly well until they 

grow older—about eight to ten vears of age, when the added weight of the arm tends to diminish the fibrous 

ankylosis and the arm drops to the side. The only criticism the parents have of the child’s progress prior 

to this time is the prominence of the scapula. I wish to emphasize that I believe that the ankylosing operation 

is an excellent procedure for those cases in which the L’Episcopo operation or rotation of the humerus cannot 

be used. We have been delighted with the L’Episcopo operation ever since we first read of the work. The 

indications for this operation are extremely simple. It should be performed when there is brachial plexus 

palsy but the ability to raise the arm passively in external rotation is present, although the arm cannot 

be actively raised. If bone changes are not marked, we can obtain external rotation with a Sever operation. 

We are then quite confident of a successful result with the transplantation of the L’Episcopo type and it 

has proved in our hands to be a most successful procedure. We also feel that in the older patients the oste- 

otomy of the humerus has proved to be successful. It is most encouraging to see a return to an orthopaedic 


problem on this program; this is one of our old problems in orthopaedics. 


Dr. Tom OvurLanb, HarrisBuRG, PENNSYLVANIA: This is probably the first time in a long while that 
the subject of obstetrical palsy has been presented to this group. Since it is a fairly common condition, 
although less so than formerly because of better obstetrics, it was inevitable that it eventually would be 
brought up. It was equally inevitable that the subject would be presented by a man filled with youthful 
vigor and enthusiasm, for this is one of the less glamorous conditions in what has come to be called “‘ pediatric 
orthopaedics”’, (a redundancy, by the way, which must make Professor André stir restlessly in his grave). 
Obstetrical palsy is seen in all degrees of severity. Of the cases which are mild and reversible, probably only 
a small percentage are ever seen by the orthopaedist. In this type of case, treatment, beyond putting the 
joints of the entire extremity through a full range of passive motion several times daily, is of little importance 
and probably has no influence on the complete recovery which ensues. In the type of case seen commonly 
in orthopaedic practice, in which the deficit has persisted for six months or longer, complete recovery is 
rarely to be anticipated regardless of treatment and the various surgical procedures are, at best, patch-up 
efforts. This applies to the Sever operation, to humeral osteotomy, and to the tendon transposition with which 
Dr. Wickstrom and his associates are principally concerned. There should be a definite place for the L’ Epis- 
copo procedure in lesions of the upper components, even though standard textbooks would lead us to believe 
that such upper-arm lesions are no longer seen. There is a good reason for this. An injury of sufficient magni- 
tude to produce the permanent changes of Erb’s palsy is not likely to spare the other roots completely. If 
there is involvement of the hand, the need for finger grasp and thumb opposition is of infinitely greater mo- 
ment than the need for external rotation at the shoulder and, if the former cannot be supplied, the condition 
of the shoulder is not of great practical importance. In that case, both of these lacks may be partially supplied 
by arthrodesis of the shoulder, provided, of course, that this is done at the proper age. This further restricts 
the number of cases in which transplantation of the teres major and latissimus dorsi is indicated. 

My point should be quite apparent—namely that, in selecting cases for the L’ Episcopo procedure, we 
must not fail to assess the importance of loss of external rotation in relation to the over-all disability of the 
extremity. [ do not mean to imply that Dr. Wickstrom has made this mistake, but somebody else might. 
This will leave a relatively small group in which the operation may be done with considerable profit to the 


patient. 


‘ontinued on page 48) 
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FAILURE OF EXCESS MINERALS IN THE DIET TO ACCELERATE 
THE HEALING OF EXPERIMENTAL FRACTURES *¢ 


BY J. ALBERT KEY, M.D., AND RICHARD T. ODELL, M.D., ST. LOUIS, MISSOURI 


From the Department of Surgery, Washington University School of Medicine, and 
The David P. Wohl, Jr., Memorial Hospital, St. Louis 


In the experiments reported in this paper we have attempted to determine whether or 
not the addition of extra minerals to an already adequate diet will influence the healing 
of fractures. While some work has been done on the influence of inadequate nutrition upon 
fracture healing, we know of no observations upon the effect of excess minerals in the diet 
except those reported to the American Surgical Association in 1953 4, in which fluorine in 
the amount of 226 parts per 1,000,000 was added to the drinking water of rats with experi- 
mental fractures. In those experiments there was no perceptible difference between the 
healing of fractures in the experimental animals and in the normal controls. 

However, perusal of the series of papers by Sherman and his associates >: © 7 led us to 
wonder if the addition of an excess of calcium to an adequate diet might not exert a favor- 
able influence upon fracture healing. In their studies on nutrition, Sherman and Campbell 
noted that the addition of an increased amount of milk to an adequate diet in rats caused 
more rapid and efficient growth, larger size, earlier maturity, longer duration of repro- 
ductive life, increase in the number of young reared, and better growth of young. Sherman 
later recommended that the diet contain at least twice the minimum requirement of cal- 
cium. Sherman and Campbell stated that there is “‘a wide zone . . . between adequate 
and optimum nutrition’. Sherman and Booher noted that rats on a low calcium diet 
(0.16 per cent.) may grow and appear well nourished, but that their bodies contained less 
calcium than did the bodies of rats of the same age which bad been reared on a diet rich in 
calcium (0.5 per cent.). 

On the other hand, in a series of studies on bone atrophy® it was concluded that: 
“Chronic local bone atrophy may occur from disuse and is not due to or markedly influ- 
enced by the calcium intake or calcium metabolism”’, and Fischer and Key noted that the 
experimental addition of excess vitamin D and calcium to the diets of children on an ade- 
quate diet did not perceptibly lessen bone atrophy of disuse or accelerate the rate of union 
by bone. 

In a paper presented before the Texas Orthopaedic Society in May 1952, Barnett stated 
that fractures in the inhabitants of Deaf Smith County, which is located in the high plains 
of West Texas, differed from and healed more rapidly than did those which he encountered 
in Dallas, which is located in East Texas and is very different geographically. In support 
of this, he cited an experience of six years in Deaf Smith County, where he treated twenty- 
eight trochanteric fractures in patients whose average age was eighty-two years and ob- 
tained healing in all cases in an average time of eight weeks. During this period he did not 
see a single intracapsular fracture of the hip. In the Parkland Hospital at Dallas, Texas, a 
total of 468 fractures of the hip were treated between 1940 and 1950; 131 (28 per cent.) of 
these were trochanteric and 337 (72 per cent.) were fractures through the neck of the femur 
(intracapsular). The average age of the patients with trochanteric fractures was sixty-three 
years; the mortality was 11 per cent.; and the average healing time was 6.3 months. 

Barnett also noted that the bones of Deaf Smith County inhabitants contained more 
bone ash, more calcium, and more magnesium and tended to cast a more dense shadow on 

* Read at the Annual Meeting of The American Orthopaedic Association, Bretton Woods, New Hamp- 
shire, June 8, 1954. 

t This investigation was supported by a research grant (A-436) from the National Institutes of Health 
of the Department of Health, Education, and Welfare Public Health Service. 
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roentgenograms than did the bones of subjects in the Dallas area. He then analyzed the 
water and food of the people of Deaf Smith County and determined the average daily con- 
sumption of minerals. A mixture of the minerals was prepared on the basis of these data 
for experimental, clinical, and laboratory trials. The average amount of minerals in the diet 


was 1,074 grams per day, divided as follows: 


Milligrams Milligrams 

Aluminum sulphate 55.61 Magnesium sulphate, dried 364.50 
Sodium borate 4.27 Manganese sulphate 20.30 
Sodium bromide 0.96 Molybdenum sulphide 0.45 
Calcium diphosphate 125 55 Nickel sulphate 13.49 
Copper sulphate 171 Potassium chloride 7.62 
Calcium fluoride 2.05 Potassium sulphate 17 .82 
Potassium iodide 2.61 Strontium carbonate 5.05 
Iron oxide brown 44.00 Titanium oxide 0.05 
Magnesium chloride 100.00 Zine sulphate, dried 4.11 
Cobalt acetate 1.00 


These minerals were placed in capsules of such size that three capsules contained 
approximately 1,074 grams of the mixture. These are now being given to patients with 
fractures or with osteoporosis. 

Some of the mineral mixture was furnished to a commercial firm, which added it to the 
standard laboratory diet in such proportions that, if each rat eats one pound of the food 
a month, he will eat .012 gram of the minerals a day in addition to the minerals in the 
standard diet. We estimate that this is equivalent to about three times the amount of the 
same minerals which we are adding to the diet of our patients with fractures and which the 


inhabitants of Deaf Smith County consume daily. 


MATERIAL AND METHODS 

One hundred and thirty male albino rats of the Sprague-Dawley strain were used. 
These were divided into two groups. Of the first group of thirty rats, fourteen were fed the 
standard laboratory diet and sixteen were fed the same diet, together with the minerals. 
(The latter will be referred to as the mineral-fed animals.) They were started on the diets 
at four weeks of age. At thirteen weeks of age they were anaesthetized with ether, the right 
femur in each was fractured over the edge of a container, and the fractures were left with- 
out fixation. The rats were sacrificed at five, ten, twenty-one, twenty-eight, thirty-five, 
and sixty days after fracture. 

The second group of 100 rats were placed on the same diets when they were four weeks 
of age, fifty being fed the standard diet and fifty the diet containing the excess minerals. 
When they were twelve weeks old, each rat was anaesthetized with ether, the skin over the 
shoulder was shaved and prepared with antiseptic, and through a small skin incision the 
acromion was lifted to expose the proximal end of the humerus. A small hole was drilled 
in this and a malleable stainless-steel pin was forced into the medullary canal. The skin 
was then closed and the humerus was fractured over the edge of a container and straight- 
ened, the pin serving to maintain alignment and position of the fragments. These animals 
were sacrificed with ether in groups of ten at two, four, five, seven, ten, twelve, fourteen, 
sixteen, eighteen, and twenty-one days. 

At postmortem examination both femora and both humeri were amputated and the 
muscles were removed, care being taken to damage the periosteum and callus of the frac- 
tured bones as little as possible. The pins were removed and the fractured bones were 
tested for union by manipulation and were then fixed in formalin. After roentgenograms of 
the fractured bones had been made, the bones were decalcified, embedded in paraffin, sec- 
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Photomicrograph (X 50) showing section from the humerus of a mineral-fed rat fourteen 
days after fracture and fixation with a medullary pin. The cartilaginous callus has almost 
disappeared and the two fragments are beginning to be fused by trabeculae of bone. 


tioned and stained, and studied microscopically. The other humerus and both femora were 


saved for chemical analysis. 


OBSERVATIONS 


At the start of the experiment the average weight of the fifty control animals in the 
second group was 63.5 grams, while that of the mineral-fed rats was 61.5 grams. At twelve 
weeks (before the operation) the average weight of the controls was 305.0 grams, while 
that of the mineral-fed rats was 333.5 grams. Thus the control animals increased their 
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Photomicrograph (X 50) showing section from the humerus of a control rat fourteen days 
after fracture and fixation with a medullary pin. In this specimen, too, the cartilaginous 
callus has almost disappeared and the two fragments are beginning to be fused by trabeculae 
of bone. 
weight 4.80 times, while the mineral-fed rats increased their weight 5.42 times during the 
eight-week period. 

In the first group, in which the fractures had not been immobilized, the ends of the 
fragments were overriding and there was gross deformity of the extremity in all of the 
fractured limbs. 

Of this group union occurred in only one rat, a mineral-fed animal which was sacrificed 
at sixty days. Five other animals sacrificed at sixty days —two mineral-fed and three 
control rats —all showed fibrous union. Of the remainder the only difference noted be- 
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Roentgenograias of humeri of seven rats twenty-one days after fracture and fixation 
with a medullary pin. All show solid union by bone. The humeri from mineral-fed rats 
are shown above, those from the control rats are shown below. 


tween the mineral-fed and the control rats was that the callus was definitely larger in the 
control animals at twenty-one and at thirty-five days. The smaller and firmer callus in 
these mineral-fed animals suggests that it was maturing slightly more rapidly in these 
animals than in the controls. 

As has been stated, the 100 animals in which the fragments had been immobilized 
with a medullary pin were divided into ten groups, each containing five control and five 
mineral-fed rats. In these animals the fragments were united by a firm cartilaginous callus 
at seven, ten, and twelve days and there was no perceptible difference between the min- 
eral-fed and the control rats. 

At fourteen days, three of the mineral-fed rats and one control rat showed clinical 
evidence of union by bone and the others showed hard, firm callus with slight mobility. 
At sixteen days, four of the mineral-fed animals had union by bone; in the fifth, in which 
union was not present, the nail had failed to fix the distal fragment. Of the controls, two 
had union by bone and two showed slight mobility at the fracture site. Of the rats sacri- 
ficed on the eighteenth day, the humerus in one of the mineral-fed animals was fractured 
below the pin, while the other three had clinical evidence of union. Three of the control 
rats had solid union and the other two exhibited slight movement at the site of the frac- 
ture. In all ten of the animals sacrificed at twenty-one days, the fractures were united by 
bone. 
The roentgenograms of the specimens tended to confirm the clinical impressions and 
showed lack of union in fractures in which motion was present and bony union in those 
which were found to be clinically solid. 

Likewise, the microscopic examination of sections cut through the fracture sites 
showed progressively maturing callus in the specimens removed at varying intervals after 
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the fracture and tended to confirm the 
impressions gained by clinical and 


roentgenographic examination. Fur- 
thermore, even in the early specimens, 
obtained before union could have oc- 


curred, we could detect no significant 
difference between the fractures in the 
mineral-fed and the control rats. Of 
those sacrificed at two days the min- 
eral-fed rats showed a thin layer of 


newly formed membranous bone be- 
neath the periosteum near the frac- 
tured end of each fragment; in the 
same locality in the controls there was 


a similar layer of membranous bone of 


approximately the same thickness and 


apparent age. Likewise at seven days, 


when the cartilaginous callus was well 


developed, there was no appreciable 
difference between the mineral-fed 
and the control rats. This was also 


true of the specimens obtained after 


longer intervals. 
Even in the rats sacrificed at 


fourteen days, in which the callus 
in the mineral-fed animals “seemed 
P to be more mature in that it was 
smaller and more firm than in the 

Roentgenograms of femora of four rats twenty-one days . ° 
after fracture. No form of immobilization had been ap- control animals, there was no dis- 


plied, and none of the specimens show union. Femora  ¢ernible difference in the microscopic 
from the mineral-fed rats are shown above, those from 
the control rats are shown below. 


sections of the two groups. 


DISCUSSION 


Deaf Smith County, Texas, is an area in which the water contains a relatively large 
amount of fluorine and in which tooth decay occurs less frequently than in any other area 
of which we have record. The authors had hoped that Barnett’s analysis of the minerals 
ingested by its citizens would give us the long sought formula of a substance which, when 
added to the diet of patients with fractures, would cause more rapid fracture healing than 
usual. We had hoped first to obtain proof that the mineral mixture accelerates the healing 
of fractures, and then to search for the element or combination of elements which was 
responsible for this desirable result. Unfortunately our hopes have not been realized and 
in our experimental animals we have not been able to detect any significant difference in 
the rate or manner of fracture healing between the mineral-fed and the control animals. 
It is true that union occurred somewhat earlier in more of the mineral-fed animals than in 
the controls. However, we do not believe that in a study of such a variable process as the 
healing of a fracture the difference in time of healing is great enough to warrant the con- 
clusion that the addition of excess minerals to the diet accelerated union. 

In seeking an explanation of our failure to confirm Barnett’s clinical observations, 
it seems possible that our control animals were on an optimum or nearly optimum mineral 


Fig. 6: Roentgenograms of femora of six rats sixty days after fracture. No immobilization 
had been applied. Femora from the mineral-fed rats are shown above, those from the control 
rats are shown below. Only one of the mineral-fed rats had union. Comparison with Fig. 3 
demonstrates the importance of immobilization in fracture healing. 
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Fig. 5 
Roentgenograms of femora of seven rats twenty-nine days after fracture. No immobilization 
had been applied and none of the specimens showed union. Femora from the mineral-fed rats 
are shown above, those from the control rats are shown below. 
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intake and that little could be done to improve it. This is not necessarily true of human 
patients, because the average person who suffers a fracture may be on an adequate, but 
considerably less than optimum, mineral intake. In addition to 25 per cent. protein, 6 
per cent. fat, and many minerals, the standard diet used for laboratory animals contains 
1.3 per cent. calcium. Sherman and Booher found that 0.2 per cent. was sufficient for main- 
tenance and considered 0.5 to 0.8 per cent. to be sufficient for optimum nutrition. On the 
other hand, the addition of minerals to the diet resulted in an increase in weight in the 
experimental animals which was 9.6 per cent. greater than that of the control animals, 
even though the latter were on an unusually high mineral intake, and we believe this to be 
of some significance. Finally, we have not been able to detect any harmful effects which 
could be attributed to the feeding of the excess minerals to rats. 

Apposition and immobilization still appear to be the most important factors in the 
union of fractures. 

Nore: The mineral mixture used in these experiments was furnished by the Upjohn Company, Kala- 
mazoo, Michigan, and the diet containing the mixture was prepared by the Ralston Purina Company. 
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DISCUSSION 

Dr. Joun J. Faney, Curcaco, Iuuinors: In an attempt to explain the difference in healing time of 
trochanteric fractures among the inhabitants of Deaf Smith County, Texas, and those in Dallas, as reported 
by Dr. Barnett, Dr. Key and Dr. Odell approached the problem by studying the influence of excess minerals 
on experimentally produced fractures in the rat. This mineral intake is one of the most probable variables, 
and the one which Dr. Barnett thought was responsible for the accelerated rate of healing. Even though it 
appeared unlikely that a considerable difference in healing time would be observed, Dr. Key and Dr. Odell 
rightly wished to investigate any possible method of accelerating bone healing. 

They fed a control group of rats an optimum mineral diet and a second group an optimum mineral diet 
to which was added three times the amount of minerals consumed by the residents of Deaf Smith County, in 
whom fracture healing is supposedly rapid. They found no evidence that the excess mineral intake influenced 
fracture healing. However, they observed a significant weight gain in the group fed the excess minerals. 

The authors did not attempt to exclude other factors, such as the administration of the minerals over an 
extended period of time, or the possible excess of one or more individual mineral compounds in a more favor- 
able ratio to determine whether or not a beneficial influence was exerted. 

Dr. Barnett believed that magnesium was the most probable factor responsible for the rapid healing, 

since the bone ash of the residents of Deaf Smith County contained 1.6 per cent. of magnesium—almost 
four times the amount found in the Dallas residents. The food intake of the Dallas residents could not be 
analyzed accurately, so that the total mineral intake in the two regions could not be compared. A comparison 
of the mineral content in the bone ash from both areas and the known composition of both the water and the 
food of the group with rapid healing was the chief basis for the assumption that there was a high mineral 
content. 
If Dr. Key and Dr. Odell should observe changes in the x-rays which would indicate less osteoporosis and 
accelerated healing time of fractures in the inhabitants of Deaf Smith County, it would seem advisable to 
continue this investigative work, with use of more specific eliminating diets. It is believed by some that 
absorption of magnesium is diminished by an excessive intake of phosphates, as well as of fat, caletum, and 
other alkalies. 

It will be interesting to hear from Dr. Key and Dr. Odell whether they have observed any stimulation of 
healing in their patients, who are receiving the same ratio of minerals as the residents of Deaf Smith County. 
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OSTEOSYNTHESIS WITH BLOUNT’S STAPLES IN FRACTURES 
OF THE PROXIMAL END OF THE HUMERUS 


A PRELIMINARY REPORT 
BY F. TEJERA LORENZO, M.D., HAVANA, CUBA 


From the Instituto de Cirugia Ortopedica, Habana 


In the past, when performing open reductions with internal fixation of fractures of 
the proximal end of the humerus, we have used Vitallium nails and screws. The fixation 
thus obtained was sometimes quite inadequate, necessitating prolonged immobilization 
with the frequent development of a frozen shoulder. In contrast to this, since we have 
used Blount’s staples for fixation, the time of immobilization has been shortened and we 
have obtained more secure fixation. We have employed this method since 1952 with en- 
couraging results. A review of the literature has revealed no reference to this method. 

Needless to say, this method of treatment is employed only where conservative meth- 
ods have failed. Our operative findings in these cases have shown that either the edge of 
one fragment is protruding through a buttonhole slit in the capsule of the shoulder, or 
the long head of the biceps tendon is lying between the fragments, or both conditions 
coexist, making manipulative reduction impossible. 

In children, injury to the epiphyseal plate must be avoided. We have found it possible 
to make use of the long triangular piece of metaphysis which is nearly always attached to 
the proximal fragment in adduction fractures. This can be fixed to the shaft by means 
of the staple. In one case we feared that penetration of the staple into the epiphyseal 


Fic. 1-A Fig. 1-B 
Fig. 1-A: Case 1. O. H. Roentgenogram made June 2, 1952, showing malposition of the fragments. 
Fig. 1-B: Roentgenogram made September 10, 1953, fifteen months after surgery. 
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Fig. 2-A Fig. 2-B 


: Case 2. M. F. Roentgenogram made at the time of the injury, January 2, 1953. 


Fig. 3-B 
Fig. 3-A: Case 5. J. M. Roentgenogram made at the time of the injury, July 24, 1953. 


Fig. 3-B: Roentgenogram made August 15, 1953, eighteen days after reduction. Perfect reduction 
had been obtained without immobilization. 
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OSTEOSYNTHESIS WITH BLOUNT’S STAPLES 


Fig. 4-B 


Fig. 4-A: Case 4. F. G. Roentgenogram made at the time of the injury, August 11, 1953. 
Fig. 4-B: Roentgenogram made two months after reduction, October 24, 1953. 


plate might cause damage resulting in either deformity or retardation of growth. How- 
ever, roentgenograms made sixteen months after surgery showed closure of the epiphyseal 


plate, as might have been expected with any form of treatment. The measurement from 
the acromion to the tip of the olecranon was 30.5 centimeters in both arms. Although 
retardation of growth will result, a difference of two or three centimeters in length in 
the upper extremity is not ordinarily of significance. 


TECHNIQUE 

Under general anaesthesia an anterior deltoid incision is made, extending from the 
coracoid process at the lower marzin of the clavicle downward along the anterior margin 
of the deltoid muscle as far as is necessary for exposure. A portion of the anterior fibers 
of the deltoid muscle is separated from the clavicle and is retracted laterally. The shaft 
of the humerus is found to lie anteriorly and protrudes through a buttonhole tear in the 
capsule of the shoulder joint. The long head of the biceps tendon is found under the 
anterior edge of the distal fragment. The proximal fragment lies in the position of external 
rotation. After the fracture surfaces have been cleared of blood clots, reduction and 
fixation are performed. The wound is closed in the routine manner. With regard to insert- 
ing the staples, it should be emphasized that in the adolescent the two points of the staple 
will penetrate the cortex simultaneously and symmetrically. However, in the adult, in 
whom the cortex of the distal fragment is harder than that of the proximal, the distal 
cortex should be perforated first, so that the staple may then be driven in symmetrically. 

At the conclusion of the operation, the limb is immobilized by a Campbell traction 
humerus splint which can be applied while the patient is still under general anaesthesia. 
This immobilization is continued for approximately twenty-five days, after which the 
splint is replaced by a sling. Active movements, except for abduction, are instituted at 
this time. One week later active abduction is begun. All the patients who have been 
treated by this method returned to their original occupation two months after surgery. 
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With the exception of a little girl, who returned to school, all were farmers and engaged 
in heavy labor. In no instance has it been necessary to remove the staples nor has it been 
necessary to employ physical therapy to regain shoulder motion. 


CASE REPORTS 

Case 1. O. H., a girl, aged thirteen. Roentgenographic examination made at the Hospital on admission 
revealed a fracture through the proximal epiphyseal line of the humerus (Fig. 1-A), a portion of the metaph- 
ysis remaining attached to the humeral head. Several attempts to reduce the fracture by manipulation 
were unsuccessful. 

On June 10, 1952, one week after the injury, operative reduction was accomplished. The patient was 
followed for a period of several months. Roentgenograms (Fig. 1-B) made fifteen months after the reduction 
showed excellent alignment of the fragments and solid union. The patient had normal limb length and com- 


plete recovery of function. 


Case 2. M. F., a man, aged twenty-eight. Roentgenograms (Fig. 2-A) made at the time of admission 
revealed an unimpacted abduction fracture with marked angulation. 

On January 7, 1953, five days after the injury, operative reduction was accomplished. Roentgenograms 
(Fig. 2-B) made seven months after reduction showed an overgrowth of callus along the humeral shaft, 


but abduction was normal. 


Case 3. J. M., aged eighteen. Roentgenographic examination made at the time of admission to the 
Hospital revealed epiphyseal separation of the head of the humerus (Fig. 3-A). 

On July 28, 1953, four days after the injury, and after two attempts at manipulative reduction had 
failed, operation was performed. Roentgenograms made eighteen days after open reduction showed that 
perfect position had been maintained, even though no external immobilization was used (Fig. 3-B). Complete 


function was regained rapidly. 


Case 4. F. G., a man, aged fifty-eight. Roentgenograms made at the time of admission revealed a frac- 
ture of the anatomical neck of the humerus (Fig. 4-A). 

On August 15, 1953, four days after the injury, operative reduction was performed. A roentgenogram 
made October 24, 1953 (Fig. 4-B), showed good reduction. Recovery of function was complete. 


DISCUSSION 
ResipuAL DeroRMITIES OF THE SHOULDER 


(Continued from page 36) 


I believe this is a worth-while paper and I should like to thank Dr. Wickstrom for renewing interest 


in a proceduce which has perhaps been somewhat neglected in recent years. 


Dr. Hasta (closing): We would like to thank Dr. Badgley and Dr. Outland for their very thoughtful 
and profitable discussion of this report. There are several points which I think we might emphasize. While 
we have, of course, obtained our best results with patients who had fairly good function of the forearm 
and hand, we have been surprised on occasion to find that, once we have corrected the internal-rotation 
deformity and brought the hand into a position where it can be used, our preoperative evaluation of the 
forearm and hand had been too pessimistic and that the condition was actually more favorable than we 
expected. This has led us to be more enthusiastic than we formerly were about the procedure in cases in 
which the forearm was also involved. I believe it is also important to emphasize that the proper surgical 
procedure should be selected on the basis of the position of the humeral head and its contour. We also feel 
that in certain patients the increased operative time and technical difficulties of the L’Episcopo procedure 


are well justified. 


THE JOURNAL OF BONE AND JOINT SURGERY 


: 
| 
| 4 
a 
| 


CHRONIC COCCIDIOIDAL SYNOVITIS OF THE KNEE JOINT* 


BY FEDERICO SOTELO-ORTIZ, M.D., HERMOSILLO, SONORA, MEXICO 


Coccidioidomycosis is an infection caused by the fungus Coccidioides immitis. The 
disease was first recognized in 1892 in Buenos Aires by Posadas and by Wernicke, and 
subsequently cases were described in California in 1894 by Rixford. The organism was 
identified as a fungus and cultured by Ophiils and Moffit in 1900. 

The disease is endemic in Southern California and Arizona, where the climate is 
characterized by long, hot, dry, dusty summers and a low annual rainfall. Recently it 
has been reported in the northwestern part of Mexico.'® During World War II many 
troops stationed in endemic regions contracted this infection. The disease resembles 
tuberculosis and may indeed be confused with it, both histologically and clinically. The 
site of primary infection is usually the lungs, but occasionally the point of entrance is 
the skin or possibly the tonsils; in the latter case cervical adenitis results. Primary coccid- 
or “San Joaquin Valley 


ioidomycosis, the so-called “Valley fever”, ‘Desert fever”’, 
fever”, is an acute, usually benign, pulmonary infection. It is characterized by malaise, 
anorexia, chills, fever, headache, night sweats, and pleurisy. Roentgenograms show hilar 
or peribronchial thickening and pneumonitis, and the larger lesions show actual cavita- 
tion. The cavities as a rule heal in a few weeks or months, but occasionally persist. Re- 
covery is usually rapid and complete. A primary infection confers immunity on the host 
in a manner similar to that produced by a primary tuberculous infection. However, an 
occasional case may pass into the progressive virulent type, with widespread involve- 
ment. In the soft tissues, abscesses are formed which in the paravertebral region become 
calcified. Any or all organs may be involved, with the notable exception of the digestive 
tract. The bones become infected by direct extension from soft-tissue lesions or by hema- 
togenous spread, presenting a picture similar to tuberculous or pyogenic osteomyelitis. 
The short bones of the hands and feet, the spine, ribs, scapulae, and clavicles are most 
commonly involved. Arthritis, the so-called ‘desert rheumatism”, occurs in one third 
of all primary cases. It is characterized by pain, tenderness, and slight swelling without 
effusion. The symptoms usually subside within a month without apparent residue. In 
the disseminated form of the disease, on the other hand, joint involvement is character- 
ized by redness, swelling, fluctuation, ulceration, and not infrequently by sinus formation. 

Dissemination, if it is going to occur, usually takes place within the first few weeks 
or months. This complication should be suspected in the presence of prolonged high 
fever or symptoms and signs indicative of meningeal, skeletal, or cutaneous involvement. 
Reactivation of the disease after a period of years and subsequent dissemination from 
an endogenous source are extremely rare, if they occur at all. 

The fungus has been isolated in the sputum of patients with a primary infection, 
while in the progressive form of the disease it has been found in the sputum, subcutaneous 
abscesses, and other lesions. In endemic areas it has also been isolated from rodents and 
from the soil. In the tissues it multiplies by endosporulation. 

The organism is a sporule with a thick hyaline capsule. Each . orule is eleven to 
seventy micra in diameter and contains ten to 200 endospores. When cultured on Sa- 
bouraud’s medium, the endospores germinate, producing mycelia. All strains contain 
identical antigens. During the course of a primary infection, precipitins and complement- 
fixing antibodies develop in the serum, and skin sensitivity to coccidioidin develops. The 
former antibodies disappear after recovery, but the skin sensitivity, as in tuberculosis, 
is relatively permanent. 
* Read at the Third Annual Alumni Conference of the Hospital for Joint Diseases, New York, N. Y., 


October 28, 1950. 
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Fig. 1-A Fig. 1-B 


Case 1. Anteroposterior and lateral roentgenograms, made in 1944, of the left knee showing a small 
focus of osteolysis at the level of the base of the tibial spine and in the margins of the tibial condyles. 


The coccidioidin test is of great value in the diagnosis of this infection. Sweigert, 
Turner, and Gillespie used it in a dilution of 1 to 100, although they did not administer 
it to patients with skin lesions resembling erythema nodosum. Such skin lesions develop 
in about 20 per cent. of all cases between the fifth and fourteenth days and persist for 
one to two weeks. Patients with these lesions were found to be hypersensitive to coccid- 
ioidin, and violent local and even systemic reactions developed in some of them. The 
test may be negative in an early primary coccidioidal infection. This should not be 
interpreted as excluding the disease, at least until the test has been repeated, since sensi- 
tivity to coccidioidin does not develop until seven to fourteen days after onset. An initial 
negative test followed by subsequent positive tests is almost conclusive evidence of 
coccidioidal infection. However, in disseminated coccidioidomycosis the test may be 
negative. 

Bone lesions are found only in the disseminated form of the disease. They are pri- 
marily destructive, involving bone and cartilage, and are usually multiple. There ap- 
pears to be a predilection for cancellous bone, as the lesions occur commonly in the 
vertebral bodies, in the pelvis, and in the ends of the long bones. Involvement of the 
shafts of the long bones does not occur, except by direct extension from adjacent lesions. 
However, in the short tubular bones such as the phalanges, primary shaft lesions have 
been noted? Primary localization occurred in both the metaphysis and the epiphysis. 
The epiphyseal cartilage, when present, offers no barrier to the spread of the infection. 

Joint involvement occurs by direct extension through bone and articular cartilage 
from adjacent lesions. Primary involvement of joints is rare‘. A special predilection for 
bony prominences such as the tibial tubercle, the malleoli, the humeral condyles, the 
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CHRONIC COCCIDIOIDAL SYNOVITIS 


olecranon process, and the radial styloid is characteristic. In fact, the presence of de- 


structive lesions in these regions is highly suggestive of coccidioidal infection. 

The roentgenographic appearance 
of the bone lesions varies with the stage 
of the disease. In the acute phase, they 
are primarily destructive with hazy out- 
lines and little surrounding bone reac- 
tion or overlying periosteitis. Sequestra- 
tion is rare. In the later stages the more 
common picture of bone proliferation 
with overlying periosteitis is seen. 

The periosteitis if present is of some 
diagnostic value, since it is seldom seen 
in tuberculosis, except in the rare shaft 
lesions. Furthermore, it is less extensive 
in coccidioidomycosis than in chronic 
pyogenic osteomyelitis. Cystlike cavities 
somewhat resembling a bone cyst may 
develop, but cortical expansion is seen 
rarely. As healing occurs, bony sclerosis 
becomes apparent, but this is never as 
marked as that seen in chronic pyogenic 
osteomyelitis. 


Fig. 1-C: Lateral roentgenogram, made 
November 15, 1949, of the left knee, showing 
two large cavities in the posterior aspect of 
the medial femoral condyle. 

Fig. 1-D: Photomicrograph (X 325) show- 
ing a typical coccidioidal ‘‘tubercle” with a 
spherule in the center. 


Fig. 1-D 
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Fig. 2-B 


Case 2. Anteroposterior and lateral roentgenograms of the right knee. No bone changes are evident. 
There is thie kening of the synovial membrane, mainly in the popliteal space. 


Fig. 2-C 


Low-power photomicrograph (X 325) showing several coccidioidal “‘tubercles’’, in each of two of 
which a central Langhans cell is engulfing a spherule. 
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Fig. 2-D 


Photomicrograph (X 1250) showing spherules of Coccidioides immitis. The double refractile capsule 
is clearly visible. This is a high-power view of the tubercle shown in Fig. 2-C. 


In this condition, as in tuberculosis, the vertebral body is usually affected if there is 
involvement of the spine, although occasionally the initial focus is found in the neural 
arch or the spinous process. In the vertebral bodies the lesion may be central, causing 
first localized decalcification, then destruction, and finally collapse, or it may be per- 
ipheral, causing cortical erosion. The intervertebral cartilage is not destroyed as rapidly 
in coccidioidal spondylitis as in tuberculosis. The lesions tend to remain localized longer 


and to perforate the cortex, forming paravertebral abscesses. However, in long-standing 
cases the intervertebral dise may be destroyed and bony ankylosis may follow if the 


patient survives. 

In the skull both tables are involved, the defect usually being larger in the outer 
table. The lesions appear as small, circumscribed, punched-out areas of destruction. 

In flat bones, such as the sternum and the scapulae, bone destruction occurs, usually 
associated with overlying soft-tissue swelling. 

Joints may be involved secondarily by direct extension from an osseous lesion; this 
leads to narrowing of the joint space, destruction of the joint, and ankylosis, if the patient 
survives. In primary joint infections only the synovial membrane may be involved, in 
which case only capsular thickening or fluid is apparent in the roentgenograms. With 
progression of the synovial infection, marginal joint destruction, resembling that seen 
in tuberculous synovitis, occurs, followed by destruction of the joint. However, in coccid- 
ioidal arthritis the regional bone atrophy is not so marked as in the latter infection. 

In acute cases the bone lesions are characterized by necrosis and abscess formation 
with little if any bony proliferation. The cortex may be more or less destroyed and there 
may be an associated soft-tissue abscess. The periosteum may appear oedematous and 
thickened or it may be partly destroyed. In long-standing or chronic lesions there may be 
an abscess or a cavity filled with granulation tissue, or the spongiosa may be permeated 
with grayish granulation tissue. Bone “sand” or, occasionally, bony sequestra may be 


VOL, 37-A, NO. 1, JANUARY 1955 


53 
| 
= ls 


FEDERICO SOTELO-ORTIZ 


found in the necrotic tissue. The surrounding bone may be hyperaemic or sclerotic. Over- 
lying cortex may be more or less destroyed. The surrounding periosteum is thickened and 
subperiosteal ossification may be present. 

Microscopically the acute bone lesions are characterized by necrosis, abscess forma- 
tion, and osteoclastic bone destruction with little, if any, new-bone formation. Coccidioidal 
spherules may be visible. In the chronic lesions — the type usually seen — an abscess 
and granulation tissue are found. The latter contains primarily round cells, but poly- 
morphonuclear leukocytes, histiocytes, giant cells, coccidioidal spherules, and occasionally 
quite typical “tubercles” are also found. The spherules have a double refractile capsule 
and contain numerous endospores. They are found either free or within tubercles or giant 
cells (Fig. 2-D). They are not to be found in every microscopic field and must be searched 
for. If they are not found, a positive diagnosis cannot be made. 

Partly or completely necrotic bone fragments are typical. These and other bony 
trabeculae present serrated margins, with osteoclasts in the lacunae. 

Infected joints exhibit a thickened, grayish synovial membrane and serous or sero- 
purulent joint fluid. The articular cartilage is thinned and segments of cartilage may 
separate from the underlying bone. Pannus formation is present, producing marginal 
erosion. Microscopically, the same type of process occurs here as in the bone lesions. 
Spherules can also be identified, either free, within the tubercles, or in the giant cells. 
Direct extension of granulation tissue from the synovial lining produces marginal erosion 
of the articular cartilage and subchondral bone with the formation of a pannus. 

The prognosis in coccidioidomycosis is excellent in the primary pulmonary form, good 
in the dermal or glandular types when they represent a primary infection, and extremely 
unfavorable in the generalized form or in cases with meningeal involvement. 

No specific therapy is available. The sulfonamides and penicillin are ineffective except 
to combat secondary infection. Potassium iodide and vaccine therapy have produced dis- 


appointing results. Jacobson'® used colloidal copper supplemented with injections of 
coccidioidin with good results. Arnold and Levy unsuccessfully treated a case with gen- 
eralized involvement with intrathecal and intramuscular penicillin in massive doses. In 


general treatment of the disseminated form of the disease has been unsuccessful 
CASE REPORTS 

Case 1. G. C., a white female, thirty-two vears old, was first seen on August 15, 1949. Nine vears before, 
she had first noted pain and swelling of the left knee joint, mainly after exercise. These symptoms had 
gradually become worse. 

Physical examination showed a considerably thickened synovial membrane and some effusion in the 
left knee joint. There was some limitation of knee flexion. The right knee measured thirty-four centimeters 
in circumference; the left knee 36.5 centimeters. Routine laboratory examinations were not contributory. A 
coccidioidin test was not done. Anteroposterior and lateral roentgenograms (Figs. 1-A and 1-B) made else- 
where in 1944 and brought in by the patient showed small foci of osteolysis at the base of the tibial spine 
and in the anterior margins of the medial and lateral condyles of the tibia. A mass was palpable in the 
popliteal region which represented thickening of the synovial membrane of the posterior compartment of 
the knee. A chest roentgenogram was negative for pulmonary invasion. 

The knee was aspirated on September 6, 1949, and about fifty cubic centimeters of transparent yellowish 
fluid was withdrawn. 

Roentgenograms made by the author on September 9, 1949, showed no change in the appearance of 
the lesions of the tibia. In the posterior aspect of the medial femoral condyle two large cavities could be 
seen, with a tendency to show trabeculation or a multilocular appearance (Pomeranz). 

\ tentative diagnosis of pigmented villonodular synovitis was made. 

On September 13, 1949, an exploratory arthrotomy was performed under tourniquet through a medial 
parapatellar incision. Some remaining fluid was evacuated. The synovial membrane was found to be con- 
siderably thickened, measuring two centimeters in thickness in the suprapatellar and parapatellar pouches. 
The membrane was shiny and white or yellowish in some areas, while in others it was bluish or purplish, 
apparently eechymotic. There were many villi, some thick and sessile, others pedunculated. These had 
invaded both aspects of the menisci. 

A synovectomy was performed; this did not include the posterior compartment. Gross examination 
revealed that the lesion was neither pigmented villonodular synovitis nor tuberculosis. 

\ well padded compression bandage was applied and at the end of ten days the stitches were removed. 
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The wound healed by primary intention. Early but slow motion of the knee was permitted, as well as weight- 
bearing, as much as the patient could stand. The histological specimen was sent to Dr. Louis Lichtenstein 
of Los Angeles, and his report of October 4, 1949, was as follows: ‘‘The general background of the lesion 
is that of a chronic villous synovitis but within the inflamed synovium there are a few granulomatous 
nodules, one of which contains a spherule with a doubly refractile capsule that stamps the lesion as one of 
coecidioidomycosis ’ (Fig. 1-D). Roentgenograms made on November 15, 1949 (Fig. 1-C), showed no change 
from the previous roentgenograms. 

On October 12, 1950, the patient was examined again. The synovial membrane had become considerably 
thickened since operation. The patella was freely movable. She was still having some pain, but not as severe 
as before operation. There was some loss of motion of the joint, with flexion to 95 degrees and extension 
to 180 degrees. The circumference of the left knee was thirty-five centimeters; that of the right knee was 


thirty-four centimeters. 


Case 2. J. S8., a white male, nineteen years old, was first seen in May 1950. He stated that in 1947, 
after jumping off a truck and twisting his right knee, he began to have pain in the right knee, which was 
aggravated by exercise. He also noticed the growth of a lump deep in the popliteal region and progressive 
swelling of the knee. Slowly flexion became limited. Two years before he was seen, an acute abscess had 
developed on the anteromedial aspect of the medial tibial condyle and drained yellowish pus. Drainage 
persisted for about a month, after which spontaneous healing occurred. 

Physical examination showed considerable thickening of the synovial membrane and some effusion in 
the joint. A mass about the size of half an orange was palpable deep in the popliteal region. 

Flexion of the knee was limited to 45 degrees, while extension was 180 degrees. Laboratory findings 
were non-contributory. A coccidioidin test was not done. 

Roentgenograms made on May 19, 1950 (Figs. 2-A and 2-B), showed considerable thickening of the 
synovial membrane, amounting to about three centimeters in the suprapatellar pouch, as well as a soft- 
tissue mass about the size of half an orange in the popliteal region, apparently due to thickening of the 
synovial membrane of the posterior compartment of the joint. 

A chest roentgencgram was negative for pulmonary invasion. 

On May 26, 1950, through a medial parapatellar incision, an exploratory arthrotomy was performed 
under tourniquet. The appearance of the joint and of the synovial membrane was essentially the same as 
that found in the preceding case. A synovectomy was performed which did not include the posterior com- 
partment. The specimen was sent to Dr. Lichtenstein and his diagnosis in this case also was coccidioido- 
mycosis of the synovial membrane of the knee joint (Figs. 2-C and 2-D). 

The postoperative course of this patient was similar to that of the first. Although he had lost some 
flexion of the joint, it was not felt advisable to attempt to increase it, because of the hazard of a flare-up 
or spread of the infection. 

Re-examination on October 12, 1950, showed flexion to 95 degrees and extension to 180 degrees, and 
the patient had no complaints. 

DISCUSSION 

A review of the literature “ indicates that very little has been written concerning 
chronic synovitis of coccidioidal origin. This disease may be confused with tuberculosis, 
particularly in parts of the country where coccidioidomycosis is uncommon. Further- 
more, as the result of wartime exposure and rapid modern transportation, it seems prob- 
able that it will be seen more frequently in regions where its presence will not be suspected. 
The two cases of chronic synovitis due to coccidioidomycosis reported here serve to illus- 
trate the difficulties in the diagnosis and treatment of this rare condition. 


Nove: Since the presentation of this poges a new drug has been added to the therapy for this condition: 


ethyl 4-hydroxy-3-methoxybenzoate (Ethyl vanillate Squibb), supplied in capsules of 0.5 gram and as a 
crystalline powder. This was developed as a by-product in the manufacture of sulphite pulp in the course 
of a research program on waste disposal in the paper industry. Treatment usually requires long periods of 
time, often several months. 
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THE INTERNAL ARCHITECTURE OF THE FEMUR AND 
ITS CLINICAL SIGNIFICANCE 


THE Upper Enp * 
BY WILLIAM J. TOBIN, M.D., WASHINGTON, D. ( 


The purpose of this paper is an objective presentation of the internal architecture of 
the femur; it is not intended as a mathematical analysis. The femur was selected for 
study because of its size, its complexity of design, and the frequency with which the 
clinician is confronted with congenital, developmental, and acquired deformities of this 
bone. A thorough knowledge of its internal structure is essential to the surgeon who as- 
sumes the responsibility of treating such conditions. Because of the many aspects of the 
subject, this paper is limited to the internal architecture of the upper end of the femur. 
The variations from the normal, represented by coxa vara and coxa valga, will be consid- 
ered. In a subsequent paper the architecture of the shaft and of the distal end will be 
discussed. 

The clinical significance of the internal architecture of the femur is evident when one 
considers the great number of operative procedures performed on the upper end of the 
femur. It is not the intent of the author to suggest, even by implication, that some pro- 
cedures or materials are to be preferred to others. 

“HISTORICAL BACKGROUND 
From a chronological viewpoint, the earliest mention of the mechanics of bone is 


accredited by Koch to Galilei who, in 1638, referred to the importance of the form of 
bone. It was not until two hundred years later that the relation between the overhanging 


| 


Fig. 1-A Fia. 1-B 
Section (Fig. 1-A) and roentgenogram (Fig. 1-B) of the upper end of the normal femur, showing 
distribution of the major trabecular systems. Note the area of lessened density in the specimen and in 
the roentgenogram. (Reproduced by permission from Instructional Course Lectures, The American 
Academy of Orthopaedic Surgeons, 1953. Vol. 10, p. 215, 1953.) 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 25, 1954. 
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Fig. 2-B 


Fig. 2-A: Section of a femoral head. Note the 
dense, closely woven trabeculations; note also the 
trabeculations intersecting the articular surface 
at right angles. 


Fic. 2- 


Fig. 2-B: Close-up photograph, showing relation- 
ship of compression trabeculations to the ‘‘epi- 
physeal sear”’. 


Fig. 3. Section from a femoral shaft in the sub- 
trochanteric area. Note the secondary compression 
and tension trabeculations arising from the inner 
aspect of the lateral and medial cortices. 


head and the distribution of the trabecula- 
tions in the upper end of the femur was ap- 
preciated. In 1838, Ward, in his Human 
Osteology, compared the neck of the femur 
to the bracket supporting a street lamp or 
a derrick. He compared the oblique-upright 
supporting structure to the strong trabecu- 
lations which continue upward from the 
medial inferior portion of the neck of the 
femur, extending into the head. The more 
horizontal part of the bracket was compared 
with the group of trabeculations hereafter 
referred to as the tension trabeculations, 
arising from the trochanteric region, arching 
superiorly and medially, and intersecting 
the compression trabeculations at right 


angles. These two major trabecular systems are connected by a third system between the 
trochanters which forms an area of lessened density, to which the appropriate term 
“trigonum internum femoris”’ or “‘Ward’s triangle” has been given. The development of 
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TRIANGLE 


4-A 

Fig. 4-A: Diagram showing the triangular area of 
structurally weak trabeculations in the neck of the 
femur—Ward’s triangle, or the trigonum internum 
femoris. (Reproduced by permission from Instruc- 
tional Course Lectures, The American Academy 
of Orthopaedic Surgeons, 1953. Vol. 10, p. 215, 
1953. ) 

Fig. 4-B: Close-up photograph of the trabecular 
pattern in the neck of the femur, The triangular 
area of loosely woven trabeculations (trigonum 
internum femoris) can be easily identified. . : + 

: papain: this structurally weak area and its clinical 


significance in fractures of the neck of the femur will be discussed later. 
In 1858, Humphry °, in a further description of the internal architecture of the upper 


VER. 
atte ‘Ge 


A section from the neck of the femur. Note the dense compression trabeculations on the right 
and the thin honeycomb trabeculations in the area of Ward’s triangle on the left. 


VOL. 37-A, NO. 1, JANUARY 1955 


59 

; & 4+ 
1-C 
F 


Ww. TOBIN 


J. 


Fig. 5-A Fic. 5-B 
Fig. 5-A: Diagram showing the levels at which the sections shown in Figs. 5-C, 5-D, and 5-E. were made. 


Fig. 5-B: Roentgenogram of a normal femur selected for sectioning. Note the compression and tension 
trabeculations, the epiphyseal scar, and the triangular area of lessened density in the neck of the femur. 


end of the femur, also observed that the two major trabecular systems intersected at 
right angles in the neck of the femur, and that the trabeculations extending to the articular 
surface were perpendicular to the articular surface of the head of the femur. 

H. von Meyer, in 1866, at a meeting in Ziirich, demonstrated the architecture of the 
upper end of the femur; and Culmann, an engineer and mathematician, compared the 
internal architecture of the upper end of the femur with the structure of the crane. Cul- 
mann stated that the design of the upper end of the femur was based upon the same basic 
mathematical principles as the structure of the crane. He also believed that static pressure 
bending the femur would cause stress on the concave side and tension on the convex side. 
He, too, pointed out that the major trabeculations intersected at a right angle in the 
crane, as well as in the upper end of the femur. 

Despite the controversial aspects of the laws of bone architecture, credit must be 
given to Julius Wolff “-** for having first put forth in an organized manner the law of 
bone architecture which bears his name. According to Keith, Wolff’s law is generally 
translated thus: “ Every change in the form and the function of a bone or of their function 
alone, is followed by certain definite changes in their internal architecture, and equa!ly 
definite secondary alterations in their external conformation, in accordance with mathe- 
matical laws’’. Wolff, in Das Gesetz der Transformation der Knochen, emphasized his ob- 
servation that the major trabecular patterns intersected at right angles and termed this 
“orthogonality ”’. 

toux agreed with Wolff that the internal architecture of the femur was the result of 
the forces acting externally upon it. One of the controversial questions arising from Wolff's 
law is whether or not tension causes bone formation or bone resorption. Wolff himself 
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believed that, wherever stresses of pressure and tension are caused in a bone, whether by 
pressing forces or by pulling forces, the formation of bone takes place. Wolff and Roux 


held that both tension and stress cause bone 
formation, and that these forces always inter- 
sect at a right angle. 

It was felt by Keith that Wolff had little 
or no knowledge of the activity of the osteo- 
blasts, the true bone-builders or architects of 
bone. Keith described the osteoblasts as the 
expert and unerring engineers of bone, and felt 
that it would be better to refer to the laws of 
osteoblasts rather than to Wolff's law. The 
important factor is that osteoblasts must be 
subjected to pressure and stress or tension in 
order to function, — that is, they must be 
stimulated to function. Keith felt that Wolff 
should be given credit for establishing the 
plasticity of bone, but that his law does not 
give credit where it is due, to the osteoblasts. 

In 1902, Freiberg, in a discussion of 
Wolff's law, felt that it was difficult to evaluate 
Wolff's law because of the many factors acting 


Fig. 5-D Fig. 5-E 
Fig. 5-C: Section /2, transilluminated. Note the thickened inferior medial portion of the neck, the 
site of the calear femorale, and the loosely arranged trabeculations through the trigonum internum 
femoris. 
Fig. 5-D: Section 14, transilluminated at the intertrochanteric level. The upper trabeculations below 
the greater trochanter represent the tension group (lateral view). 
Fig. 5-E: Section 16, showing loosely arranged trabeculations in the trochanteric area (medial view). 
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6-A Fia. 6-B 
Sections from the neck and the upper portion of the shaft of two femora, one from a child five years 
old and one from a child six and a half years old. Note the absence of a clear-cut triangular area of 
structurally weak trabeculations in the neck of the femur. 
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(See page 63) 
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Fig. 7-A: Drawing made from roentgenograms of 
sagittal sections of the head and neck of the femur. Note 
the position of the calear femorale, or femoral spur. 
(Redrawn from, and used by permission, Carey, E. J.: 
Studies in the Dynamics of Histogenesis. Radiology, 13: 
149, 1929.) 


Fig. 7-B: Section of a femur, with the cancellous bone 
dissected away, showing the calcar femorale, which is a 
condensation of bone on the medial and inferior aspects 
of the neck just above the lesser trochanter. 


on the living femur which would not be evident 
in a removed femur. Taylor summarized the 
discussion by saying: “‘In conclusion, I con- 
sider that all of us must concur fully with 
Wolff that pressure does not produce atrophy 
in bone, as Lorenz has claimed, under patho- 
logically increased or transposed burdening; 
and also we must admit that functional trans- 
formation of bone must and does occur to meet 
the altered static demands of pressure, tension, 
and shearing strain” 

Taylor further stated that most ortho- 
paedic surgeons lacked the qualifications in 
higher mathematics and engineering for the 
detailed mathematical calculations necessary 
to prove or disprove Wolff's law. 

In 1920, Murk Jansen, in a monograph, 
On Bone Formation, took issue with many of 
the premises of Wolff's law. Jansen reviewed the hypothesis raised for the upper end 
of the femur by Culmann, applied to the other bones by von Meyer, established mathe- 
matically by Wolff, and confirmed anatomically by Roux, which had survived for over 
half a century as an accepted basis in the mechanics of bone, and rejected the “dualistic ”’ 
theory of Culmann, von Meyer, and Wolff. Jansen felt that the major trabecular systems 
do not always cross at right angles, and therefore did not accept the theory of ortho- 
gonality. He also questioned whether bone formation was stimulated in the same manner 
by tension as by pressure, and whether bone formation was dependent upon mechanical 
stresses alone. Most of the previous authors had considered that the static pressure from 
body weight in the erect position was the predominant contributing factor in bone forma- 
tion. Jansen felt that muscle pull or dynamic action played an equally important part in 
the formation of bone and had a very deciding influence on the structure of cancellous 
bone. He called attention to the diverging bone trabeculations which radiated from the 
intercondylar notch in the lower end of the femur, and suggested that these might be the 
result of some rotation factor. Bone trabeculations, according to Jansen, do not assume a 
direct straight mathematical course, but tend to undulate. 

Kushner felt that Jansen’s deductions were only partly true, to the extent that undue 
tension would result in atrophy. He contended that there is sufficient clinical evidence 
in bone grafts in the patella, as in the Albee method, and in spine fusions, where a factor 
of tension is certainly present, to show that moderate tension is a stimulus to bone for- 


mation. 
Carey, in 1929, stated that the architecture of cancellous bone was the result of the 


pressure factors of muscle action rather than of the static pressure of body weight. He 
believed that the dense group of trabeculations which extend from the medial aspect of 
the upper portion of the femoral shaft were the result of the influence of the flexion- 
adduction muscles. The previously described tension trabeculations were interpreted as 
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being due to extension and 
abduction of the hip joint. 
Carey felt that the dynamic 
force of the muscles may ex- 
ceed the static pressure of 
body weight. Jansen and 
Carey both believed that the 
major trabecular systems do 
not intersect at a right angle. 


THE INNER ARCHITECTURE OF 
THE UPPER END OF THE 
NORMAL FEMUR 


The upper end of the 
femur consists of the head, 
neck, and greater and lesser 
trochanters. From a morpho- 
logical viewpoint, the head is 
spherical or globular in shape, 
forming more than a hemi- 
sphere. It is directed upward, 
inward, and backward. In 
the upright position the head 
and neck point downward, 
outward, and a little for- 
ward. The anterior inclina- 
tion or anteversion varies 
considerably, the average be- 

Coxa vara Coxa vara ing 25 degrees 

(Acquired) (Congenital) According to Steindler, 
Fig. 8-A a plane laid through the cir- 
Diagrammatic representation of alterations in the distribution of cumference of the acetabu- 
major trabecular patterns in coxa valga, coxa normalis, coxa vara (ac- Jum intersects the sagittal 

quired), and coxa vara (congenital), Note the intensity of the compres- ’ 
sion forces in coxa valga and the tension forces in coxa vara. plane of the body at a “‘back- 
ward opening”’ angle of 40 
degrees, and the transverse plane of the body at an “outward opening” angle of 60 degrees. 
Humphry, in discussing the neck of the femur, mentioned that: (1) the angle varies 
in different subjects of the same age; (2) it is smaller in short than in long bones, and is 
usually small when the pelvis is wide, being smaller in men than in women; (3) the angle 
decreases during the period of growth, but once growth has been completed, there is no 
change, regardless of age; and (4) in a bed-ridden patient suffering from paralysis, once 
growth has been attained, the angle retains the form of early life, or may become wider. 
The anatomical axis corresponds to a line drawn down the middle of the shaft, whereas 
the true mechanical axis is a line drawn from the middle of the head to the intercondylar 
region of the distal end of the femur. The upper end of the femur is predominantly can- 
cellous bone. It may be mentioned that cancellous bone, weight for weight, is as strong 
as cortical bone. The trabeculations are more closely arranged when greater weight is 
supported. This has been observed in the roentgenographic study of an elephant’s femur. 
There are two main trabecular patterns or systems in the upper end of the femur: 
first, the compression group, which arise from the medial portion of the shaft and extend 
upward into the head; second, a tensile group arising from the lateral portion of the 
shaft and curving upward, ending in the upper portion of the neck and inferior portion 
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of the head. These two systems intersect at right angles. There is a third group which 
connects the two principal groups (Figs. 1-A and 1-B). 
At about the level of the lesser trochanter the medial trabeculations extend upward 
from the medial portion of the shaft. This — 
group of trabeculations may be subdivided 
into a primary and a secondary group. The 
primary, or principal, group constitute the 
main compressive group of trabeculations. 
These extend upward in a slightly radial 
manner to the articular surface of the head 
of the femur. They constitute the thickest 
trabeculations in the upper end of the femur. 
In essence they may be considered an up- 
ward extension of the medial part of the 
shaft. These trabeculations intersect the 
articular surface of the head of the femur 
at right angles (Figs. 2-A and 2-B). The 
secondary compressive group curve away 
from the shaft at an angle of approximately 
45 degrees, and are directed outward and 
upward to cross the trabeculae from the op- 
posite direction. The trabeculations of this 
group are not as thick as those of the princi- 
pal compressive group (Fig. 3). ‘Fig. $B 
Koch stated that it was quite deceptive Longitudinal section showing a congenital 
to interpret the right-angle intersections of cos vara. Note th relation of the upper lve 
curved lines. The correct method for meas- thickness of the inferior portion of the neck. 


Fia. 8-C 


Roentgenograms showing congenital coxa vara. Note the thickness of the inferior portion of the neck 
and the intensity of the tension lines on the right. The trigonum internum femoris is well delineated. 
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Acquired coxa vara. Note “overhanging” of the head on the neck. In the roentgenogram (Fig. 8-E) 
note the alterations in the distribution of the trabecular patterns to meet the increased shearing forces 
and the altered static demands on the head and neck. (Reproduced by permission from Instructional 
Course Lectures, The American Academy of Orthopaedic Surgeons, 1953. Vol. 10, p. 217, 1953.) 


Fia. &G 
Fig. 8-F: Acquired coxa vara from malunion of a fracture 
of the upper femoral shaft. Note the thickening of the inferior 
portion of the neck, intensity of the tension lines, and ex- 
tension of the compression lines to the lateral cortex. (Re- 
yroduced by permission from Instructional Course Lectures, 
he American Academy of Orthopaedic Surgeons, 1953. 

Vol. 10, p. 219, 1953.) 
Fig. 8-G: Double-exposure photograph to show the 
- desired alteration of coxa valga from coxa vara brought 
Fia. 8-F about by subtrochanteric osteotomy. 

urement of the angle between two curved lines is to draw through their intersection 
straight lines perpendicular to the radius of each curve; the angle between these two 

intersecting straight lines is the angle between the two curves at their intersection. 

The compact bone in the lateral portion of the shaft becomes thinner as it reaches 
the level of the greater trochanter. The tension group of trabeculae may be subdivided, 
according to Koch, into (1) those arising from the upper part of the shaft and extending 
vertically upward, ending in the greater trochanter; (2) those arising lower in the shaft 
from an angle of approximately 30 to 45 degrees, crossing in almost parallel curved lines 
through the neck of the femur, and intersecting the principal compressive trabeculations 
at a right angle; and (3) those crossing the longitudinal axis of the femur and ending on 
the medial side of the neck and shaft. 
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Fic. 9 
Fig. 9: Acquired coxa valga from malunion of a fracture of the upper third of the femoral shaft. Note 
the increased density of the compression lines. (Reproduced by permission from Instructional Course 
Lectures, The American Academy of Orthopaedic Surgeons, 1953. Vol. 10, p. 219, 1953.) 


Fig. 10: The upper end of the femur of a sloth, which lives “‘upside down’’. Minimal or no static 
forces are present, while the influence of muscle forces is evident. Note the nondescript trabecular 
pattern and extension of cancellous bone into the shaft. 


There is a structurally weak triangular area in the neck of the femur which is com- 
prised of rather loosely arranged thin trabeculations. This was described by Ward and is 
knewn as “ Ward’s triangle”, or the “trigonum internum femoris” (Figs. 4-A, 4-B, and 
4-C). This area is of importance, as it is through it that the majority of fractures of the 
femoral neck occur. It is logical to assume that in the elderly, as osteoporosis progresses, 
an area which is basically weak will become weaker (Figs. 5-A through 5-E). 

Smith mentioned the significance of the trigonum internum femoris in fractures of 
the neck of the femur. This triangular area is not well defined in prenatal and postnatal 
periods and in childhood (Figs. 6-A and 6-B), but becomes apparent in early adolescence 
and is more distinct as bone maturity is reached. It is well delineated in the aged, par- 
ticularly in the female with osteoporosis. In this sense it is developmental. In the ever 
increasing size and changing internal architecture of the developing femoral neck, the 
compression trabeculations are more clearly defined than the tensile trabeculations. This 
area probably represents a lack of stimulation to trabecular formation. Little demand 
is exerted on this area of the neck of the femur from either the static or the dynamic 
viewpoint. 

The calear femorale is a condensation of bone on the medial and inferior aspects of 
the neck just above the lesser trochanter. This was considered as the true neck of the 
femur and is best illustrated by sections through the lower surface of the neck. Lewis 
felt that it was the attenuation of this structure which played an important part in 
fractures of the neck of the femur in the aged. 
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Close-up view, showing the relationship of the nail to the loosely woven trabeculations in the 
femoral neck. These trabeculations do not give adequate support to the nail. 


Fig. 11-B 


Fig. 11-B: The nail is shown in the low-placed valgus 
position resting on the calear femorale. This affords 
the best mechanical fixation and places the nail in 
line with major compressive forces. 


Fig. 12: Showing the Frederick Thompson type of 
prosthesis. The head and part of the neck of the femur 
have been removed. The inferior portion of the pros- 
thesis rests on the calear femorale and the lateral 
aspect of the intramedullary portion rests against the 
medial aspect of the lateral cortex of the shaft. 


While the proponents of the static theory attribute this structure to the result of 
compression forces, Carey and others concluded that it is a condensed group of trabecula- 
tions resulting from back-pressure vectors produced by the flexor and adductor muscles 
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of the hip (Fig. 7-A). The calear femorale can be demonstrated by dissecting away the 
surrounding less dense trabeculations (Fig. 7-B). 


COXA VARA 


Mercer divides coxa vara into the congenital and the acquired type. He divided 
the acquired type into four groups, according to the anatomical site involved: (1) capital 
coxa vara, as in Perthes’ disease and destructive arthritis; (2) epiphyseal coxa vara, 
idiopathic and traumatic; (3) cervical coxa vara; and (4) trochanteric coxa vara. In coxa 
vara there is a decrease in the angle between the neck and the shaft of the femur. The 
angle approaches a right angle or, in the case of congenital coxa vara, it may be acute (Fig. 
8-A). There is also a backward twist of the head, with an outward rotation of the shaft. 
The internal architecture is altered in accordance with the angle formed by the shaft with 
the neck of the femur (Fig. 8-B). There is an increased static shearing force due to the 
decreased angle. In the roentgenograms there is a marked increase in the density and 
concentration of the compression trabeculations with thickening of the inferior portion 
of the neck and medial cortex of the shaft (Fig. 8-C). The tension or tensile group of 
trabeculations appear to be much stronger and more pronounced than in the normal, and 
the two major trabecular systems appear to intersect each other at right angles. 

In acquired coxa vara there results a rearrangement of the trabecular patterns to 
fulfill the demands made by the altered relationship of the neck to the shaft (Figs. 8-D 
and 8-E). The coxa vara resulting from a malunion in a high femoral-shaft fracture (Fig. 
8-F) illustrates clearly these architectural changes. The tension trabeculations are more 
pronounced than in the average femoral neck. This probably is the response to the in- 
creased shearing force incidental to the coxa vara. In the roentgenograms shown the 
compression trabeculations extend through the inferior cortex of the neck to the opposite 
femoral cortex at a lower level in order to give additional support. 

It can be clearly seen that coxa vara, from a mechanical viewpoint, is an undesirable 
position. The change in position of the major trabecular systems attained by a sub- 
trochanteric osteotomy is shown in Figure 8-G. 


COXA VALGA 


In coxa valga the angle formed by the neck and shaft of the femur is obtuse. Coxa 
valga may be acquired or congenital. In the acquired group the condition may result 
from fractures with malunion, or from paralysis, as in poliomyelitis, with involvement 
of the muscles about the hip. 

A moderate degree of coxa valga is illustrated in Figure 9. In this condition the com- 
pression forces are intensified, while the tension trabeculations are not as prominent as 


in coxa vara. 

As mentioned previously, there has been considerable controversy on the effect of 
static and dynamic forces on the formation of bone trabeculations. If the proponents 
of the influence of muscle in the formation of trabecular patterns are correct in their 
premise, one would expect definite trabecular patterns to be present under those condi- 
tions which indicate that muscle function is present, but static weight-bearing is mini- 
mized. If the upper end of the femur of the sloth, which lives ‘‘upside down” and lacks 
the stimulation of weight-bearing, is taken as an example, some response to back-pressure 
muscle vectors should be manifested in the internal architecture (Fig. 10). 

In the roentgenograms of the femur of a sloth there are no well defined compression 
or tension lines. This might be interpreted as substantiating the premise of the proponents 
of the static theory as the principal causative factor in the development of the major 
compressive and tension trabecular groups. It is probable that both static and dynamic 
factors and the muscle pull influence the distribution of trabecular patterns. 
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CLINICAL APPLICATIONS 


The internal fixation of fractures of the neck of the femur is used to demonstrate 
the necessity of embodying basic engineering principles and to correlate the fixation 
material with the internal architecture of the upper part of the femur. For illustrative 
purposes the triflanged nail was used in sections of the femur. 

The primary function of any type of fixation is to immobilize the fragments and to 
transmit the weight or other forces from the head to the shaft of the femur. The proper 
insertion of the nail is of paramount importance. It is obvious that insertion of the nail 
in a varus position is mechanically unsound. 

From the preceding discussion on the character of the internal architecture of the 
head and neck of the femur, it can be seen that even a nail placed in the central part of the 
neck and head is not in the best position (Fig. 11-A). Because of the cancellous structure, 
there is little opportunity for good fixation by the nail. The only site of supporting cortical 
bone is the entrance point in the outer cortex of the femur, the stability of which is often 
lessened as a result of the insertion of the nail. The area of lessened density in the neck 
(trigonum internum femoris) offers little support to the nail. The centrally placed nail 
is along the neutral or anatomical axis, which is mechanically unsound for supporting a 
stress load. 

From the points of view of bone architecture and engineering the position of choice 
is a low-placed nail in valgus position, actually resting on the calear femorale, which 
offers the best support in the neck of the femur (Fig. 11-B). 

Haboush advocated the use of a nail plate in transcervical fractures of the femur. 

Dickson, in discussing the “unsolved” fracture, emphasized the mechanical ad- 
vantage of the nail being placed low, resting almost on the calear femorale, and being 
centrally placed in the head, to afford maximum fixation to the fragments. 

The same general principles apply in the use of prostheses. In the Judet type of 
prosthesis, if the stem or nail portion is inserted in a valgus position, so that it rests not 
only on the exposed portion of the neck but also on the dense portion of the medial cortex, 
adequate fixation is possible. 

The intramedullary type of prosthesis, such as the Frederick Thompson type, has the 
added advantage that the inferior portion of the prosthesis rests directly on the calcar 
femorale, and the lateral aspect of the intramedullary portion of the prosthesis rests 
against the medial aspect of the lateral cortex of the femur. As has been said, however, 
it is not the intent of the author to advocate any particular type of fixation or prosthetic 


appliance (Fig. 12). 


Nore: The author is indebted to the Divisions of Physical Anthropology and Mammals, United States 
National Museum, Smithsonian Institution, for the material studied; and to the Georgetown University 
Medical Center and the Armed Forces Institute of Pathology for their cooperation in the preparation of 
this paper. This investigation was supported by the James Picker Foundation on recommendation of the 
Committee on Radiology, National Research Council. 
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DISCUSSION 

Dr. Epwarp J. Hasousn, New York, N. Y.: Dr. Tobin’s paper on the internal architecture of the 
upper end of the femur presents a subject that my collaborator, Prof. Charles Wang, engineer and mathe- 
matician, and I have been keenly interested in since 1947. From the results of our research, it appears that 
the combined-stress theory best explains biomechanically the internal architecture of the femur. This theory 
not only conforms with the observations of Ward, Humphry, Meyer, Culmann, Roux, and Wolff, but also 
offers a sound explanation for those objections raised by Jansen, Carey, and others. In addition it also ex- 
plains the abnormal variations of the upper end of the femur, such as coxa vara, coxa valga, and others so 
well shown in Dr. Tobin’s beautiful illustrations. 

An analysis of the internal architecture of the femur clearly indicates that the bony trabeculations 
are formed in the direction of the principal stresses of the combined-stress theory. The principal stresses are 
those having the maximum value either in tension or compression. Their direction is dictated by the manner 
in which the upper end of the femur is loaded. The upper end of the femur is comparable to a cantilever beam. 
The forces acting upon it are basically bending, shearing, tensile, and compressive. The combined principal 
stresses created by these forces are predetermined by the location of the neutral axis. All principal stresses 
above the neutral axis are tensile, those below are compressive. In a normal femur, when the neutral axis 
coincides with its central axis, the general direction of the principal stresses in tension is perpendicular to 
the direction of the principal stresses in compression. If there is an appreciable divergence between the 
neutral and the central axis, the directions of the principal stresses are not perpendicular to each other, and 
the bony tensile and compressive trabeculations will not be orthogonal. Therefore, if we modify Wolff's law 
by saying that “the bony trabeculations run in the same direction as the principal stresses’, there can be no 
valid objections to it. 

To discuss further the variations from the normal in coxa vara, either congenital or acquired, the 
neutral axis is shifted downward. This, together with a change in the axial components of the applied force, 
causes a greater increment of the principal stress in tension, thereby producing more tensile bony trabecula- 
tions. In coxa valga, the neutral axis shifts upward, and the change in the axial component of the applied 
force causes a greater increment of the principal stress in compression, thereby producing more compressive 
bony trabeculations. Dr. Tobin’s illustrations substantiate these facts. 
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It is of particular interest to examine Figure 10 of Dr. Tobin's presentation. In the sloth the femoral 
neck is almost non-existent and in this case the applied force is a pure shear. The directions of the principal 
stresses of a body subjected to pure shear are at an angle of 45 degrees to the direction of the applied force. 
Dr. Tobin has stated that there are no compression or tension lines or trabeculations in the femur of the 
sloth, since it lives upside down. Upon careful examination of Figure 10, however, a condensation of the bony 
trabeculations in the direction of the principal stresses is clearly demonstrated and they are, in tension and 
in compression, at an angle of 45 degrees to the direction of the applied force. I should like to add also from 
our observations that bone formation does not occur in the direction of shear stress. 

The combined-stress theory explains also the existence of Ward's triangle. Dr. Tobin mentioned that 
Ward compared the upper end of the femur to a street-light bracket. It is to be noted that in a simple can- 
tilever beam the principal stresses of tension and compression are symmetrical. This is suitable for material 
with equal tensile and compressive strength. In the street-lamp bracket, triangular in shape, the central axis 
is inclinated upward for two basic reasons: first, to have the compression bar take the greater share of the 
load, since most materials have greater compressive strength; second, to reduce the pulling effect on the 
nail or screw fastening the tension bar to the lamp post. Comparison between the lamp bracket and the upper 
end of the femur clearly indicates that bone has greater strength in compression also. 

It is of extreme interest also to note the comparison between Ward's triangle and a structural design 
of the lamp-post bracket. The structural design of the bracket is based on the principle of eliminating the 
central portion of a triangular plate, which does so little to support the load. This explains the existence 
of Ward's triangle, since that portion of the neck of the femur also supports so little of the load. 

From what has been said it is a foregone conclusion that bone formation occurs along the directions 
of the principal stresses of the combined-stress theory. The principal stresses are dictated by the external 
configuration of the femur and the external forces acting upon it. Therefore, the statements of the earlier 
workers are basically correct, although they fail to offer a rigorous and complete explanation of bone 
formation. 

Dr. Tobin’s suggestions pertaining to clinical applications are in accordance with biomechanics and are a 
definite improvement over the present methods of treatment mentioned. 

In my opinion, further research should be done biomechanically along these lines: First, a more compre- 
hensive study should be made of the physical properties of bone, since our present knowledge is inadequate 
for modern analysis; and second, further study is necessary in contact stress, repeated stress, stress concen- 
tration, and combined bending, torsion, and buckling. 

This knowledge would be extremely important for the following reasons: (1) to obtain a true evaluation 
of our present reconstructive surgical procedures; (2) possibly to alter surgically the bony configuration to 
stimulate bone formation which will correct bone abnormalities; (3) to obtain a further understanding of 
bony union and the treatment of non-union; and (4) to evaluate and more properly design internal-fixation 


and prosthetic appliances. 


Dr. Cuarces W. Gorr, Hartrorp, Connecticut: This is a most interesting paper. A study of this na- 

ture might be extended indefinitely by perusal of the extensive literature, including the “‘stresscoat”’ tech- 
nique of Evans and the plastic models of Haboush. Anatomists have pursued similar studies following the 
work of Wolff and Roux, both of whom were interested in comparative measurements of the intrinsic and 
extrinsic dimensions and designs of the femur, the largest weight-bearing bone of man. Significant values, in 
this regard, may be noted in other animal forms, notably the Primates, so intimately tied to man’s past and 
particularly to his postural evolution. 

There is an especially important bone-muscle relationship in terms of postural evolution, imposed upon 
the femur by our present-day cultural requirements with their trauma and diseases. Little is known of similar 
effects on the skeletal system of other Primates. They have no culture as it is known to man, and they have 
only recently been allowed to live as long as thirty-five years, the oldest age recorded in a captive chimpanzee. 
In their wild state these animals lose their lives much earlier through hunting and disease. These animal 
forms, as well as the American bear, are now being studied, to determine comparative stresses and strains in a 
new manner which is to be reported soon. 

Spray and Widdowson, of Cambridge University, have shown recently that man has a greater sodium, 
caletum, and phosphorus body content than other Primates, largely because of his greater bone concentra- 
tion. His muscles, however, as indicated by their study of the protein and potassium values, are not particu- 
larly unique. Thus there is more bone and less muscle in man than in other animal forms. Both of these char- 
acteristics are related to the demands of man’s upright posture and the resultant requirement for greater 
stability. This also suggests that man has lost much of his muscle substance as his specialized body developed. 
Hence, the stresses and strains which produce the bone trabeculae of the upper end of the femur, while similar 
in man to those of other Primates, are nevertheless diminished. The over-all bony attachments are also less 
prominent and less rugged. These correlations between bone architecture in man and his evolution and the 


demands of his culture are suggested in Dr. Tobin’s paper. 
(Continued on page 
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Operations on vertebrae to correct deformities of the vertebral column have been 
performed successfully for more than two decades. In 1932, Compere performed excision 
of hemivertebrae for congenital scoliosis; von Lackum and Smith, and later Wiles, also 
treated this anomaly by operations on the vertebral bodies. The method was never gen- 
erally accepted, however, as the results were not always favorable. Bertrand, after twa 
successful operations followed by two with fatal results, abandoned resection of a vertebrat 
hody in favor of osteotomy on the concave side. 

In some cases, surgery of the vertebral column constitutes the last possibility of cor- 


recting deformities. The au- 
thor’s personal experience 
with vertebral osteotomy in 
the treatment of ankylosing 
spondylarthritis, as first re- 
ported by Smith-Petersen 
and later by la Chapelle, in- 
duced him to resort to lateral 
wedge osteotomy on the con- 
vex side in a female patient 
who had been almost com- 
pletely disabled by severe 


lumbar scoliosis. 


CASE REPORT 


The patient was a girl who had 
had infantile paralysis at the age of 
three and who showed marked 
scoliosis when first seen by the au- 
thor. In June 1941 spondylodesis 
was performed, with use of a tibial 
graft placed over the left aspect of 
the processus spinosus, following 


correction in a plaster-of-Paris cor- 
set according to the method of Ris- 
ser. The initial result was satisfac- Fig. 1-A 

tory. The patient could not be fol- Figs. 1-A and 1-B: Photographs of the 


lowed during the War, however, patient taken on July 6, 1951, ten years 
after spondylodesis. 


and was not seen again until five 


years later. At that time, the condi- Fig. 1-C: Diagram showing the bone NS 1” 
ti sien saiibaadinnsiey eiiaauiidiialioae graft which had been inserted at the first 

ion was extremely unsatisfactory.  Gperation, in 1941. 

Severe scoliosis had developed, as 

the graft had failed to grow with the adjacent bone. Correction in a plaster-of- B 
Paris corset did not give sufficient improvement. Operation was suggested but was BE 
refused by the parents, and the girl was given a leather corset. In 1951, when the t 
patient was eighteen years old, she showed marked lumbar scoliosis and, even grat 
with the aid of two canes, was unable to walk longer than five minutes, after which Fic. 1-C 


dyspnoea occurred. The diaphragm was elevated as a result of the kyphoscoliosis, 
and only inconsiderable thoracic respiration was possible. After a complete internal examination, which failed 


to reveal any anomalies, the parents gave permission to operate. 
Operation was performed on July 12, 1951, under pentothal nitrous oxide anaesthesia. An incision fifteen 
centimeters long was made over the mid-portion of the vertebral column. The spinous processes were seen to 
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the left of the median line and the 
transverse processes to the right. 
There was a large mass of bone 
which adhered to the spinous proc- 
esses, the laminae, and the trans- 
verse processes. This mass had a 
thickness of three by four centi- 
meters. It was impossible to chisel 
through this bone mass. A wedge, 
the base of which was two centi- 
meters, was carefully started with 
a motor saw on the convex side 
and was then completed with an 
osteotome, the bone being gradu- 
ally removed as far as the dura. 
(The operation was very much fa- 
cilitated by the circumstance that 
the dura was not adherent to the 
bone.) 

The right transverse process 
and the superior and inferior ar- 
ticular processes were removed. 
The resulting arterial hemorrhage 
was satisfactorily controlled by 
means of a hemostatic. The spinous 
process was also removed. Al- 
though the points of support on 
the posterior and right aspects had 
been removed, correction of the 
deformity was not yet possible. 
The left transverse process was 
then removed, together with the 

— left inferior and superior articular 
processes, so that the vertebral 
column was supported only by the 
vertebral bodies; the dura was seen 
over a length of two centimeters. 


Fig, 4-C Fig. 4-D 
Photographs taken on May 30, 1954. 


This stage of the operation called for meticulous care in the use of the osteotome to safeguard the pos- 
terior nerve roots and the adjacent dura. The dura was protected by interposing an instrument between it 
and the mass of bone as soon as a small part of the dura had been exposed. Almost complete correction of 
the deformity was then accomplished as far as possible by gentle pressure and was maintained by placing the 
patient in plaster shells made at the time. There still existed. however, sufficient resistance to preclude com- 


plete straightening of the vertebral column. After four weeks the shells were omitted and the patient was 


recumbent on a firm mattress. 

Both the patient and her family were content, but it was believed that this result could be improved 
and it was decided to perform a wedge osteotomy of the vertebral body. 

On August 23, 1951, under pentothal nitrous oxide anaesthesia, an incision twelve centimeters long was 
made, parallel to the first incision and four centimeters to the right of it. After exposure of the bodies of 
the second and third lumbar vertebrae, which had come close to the body surface as a result of the extreme 
rotation of the vertebral column, the dise between the second and third lumbar vertebrae was excochleated. 
The resulting correction was still insufficient and it was necessary to remove with the osteotome a wedge from 
the lower part of the second and the upper part of the third lumbar vertebra (Fig. 3-A). 

This was an extremely tense moment, for the vertebral column rested entirely on the two vertebral 
bodies which were being osteotomized. Besides the risk of causing spondylolisthesis there was the risk that 
the osteotome would slip and penetrate the dura. After each section of bone had been removed, the correction 
and the closing of the wedge were tested. Finally, correction seemed to have been achieved without separation 
of the vertebral bodies. Chips of preserved calves’ bone were placed in the semicircular defect created at the 
second operation. The patient showed no postoperative shock and was given no transfusion. During the first 
operation 400 cubic centimeters of blood had been administered; at that time there had been no shock. 

The postoperative course was uneventful. On September 14, 1951, the patient was given a plaster-of- 
Paris corset, in which she went home ambulatory three weeks later. She continued to wear the corset for six 


months; after that she was able to walk without dyspnoea. 
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The patient was seen again on September 2, 1953, and on May 6, 1954, two years and eight months after 
her last operation. She had learned to swim and was earning her living as a needlewoman; she walked with a 
cane (Figs. 4-A through 4-D). 


Although the author does not consider the end result to be entirely satisfactory— 
the patient’s back is not completely straight—he feels that this operation is indicated 
in the rare case in which the patient is severely disabled as a result of scoliosis. Some 
of the dangers which must be avoided are: (1) injuries to the posterior nerve roots; (2) 
injuries to the cord; (3) artificial spondylolisthesis during or after the operation and re- 
sulting in the two injuries described. Obviously, because of the great hazards involved, 
the operator should have a detailed knowledge of the regional anatomy, as well as ex- 
tensive experience in operations on the vertebral column. 
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DISCUSSION 
Tue INTERNAL ARCHITECTURE OF THE FEMUR AND [Ts CLINICAL SIGNIFICANCE 
(Continued from page 72) 


In order to portray these factors more vividly, I revived a technique of Flourens, quoted by Roux and 
further developed by Benninghof and Tappen. This consists in decalcifying in a weak nitric-acid bath the 
upper third of dried femora of several species. After the outer cortical surface has been slightly softened 
through this acid action, a steel needle is used to tease apart the Haversian systems, which are then outlined 
with India ink floated into the linear depressions thus formed. In this manner markings were made from the 
zenith of the femoral head, distally to the intertrochanteric zone, and sweeping across this, down toward the 
shaft. These lines indicate stress columns, or trabeculations. These had been studied before the discovery of 
the roentgen ray. Some differences are immediately apparent between the higher Primates and man, as these 
preparations indicate. 

The most interesting element is a dense zone which exists at the zenith of each human femoral head. 
This was clearly outlined by the ink markings. This dense plate is the point of contact of the femoral head 
with the acetabulum during the act of weight-bearing. It is also the zone which is the last to degenerate in 
the normal course of osteo-arthritis of the hip, and is the first zone to degenerate if there is a focal avascular 
necrosis of the subchondral bone. This interesting finding may be related to a new concept of causes and 
correlations of osteo-arthritis and avascular necrosis. It could be developed further if time permitted. 

Lastly, may I call your attention to the early man fossil forms which have been found in South Africa. 
These all show femora which indicate postures relatively no different from those of modern man. They do 
show a small ape-like brain case. The Neanderthal man has usually been shown as having a marked bent-knee 
and flexed-hip stance. This is probably less so, according to recent studies. His culture was, of course, exceed- 
ingly primitive and his requirements were much more athletic. This accounts for his ruggedness and may be 
related to the findings of Spray and Widdowson. 

May I encourage Dr. Tobin to continue to bring to the attention of other orthopaedists his revival of 
interest in the works of Wolff and Roux. A combination of methods, using the stresscoat technique of Evans 
(Continued on page 88) 
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THE PRIMARY REPAIR OF TRAUMATIC DIGITAL 
SKELETAL LOSSES BY PHALANGEAL RECESSION 


BY CARL E. NEMETHI, M.D., LOS ANGELES, CALIFORNIA 


Phalangeal-recession surgery is indicated in those patients demonstrating large soft- 
tissue wound gaps when an entire phalanx or joint, or both, have been lost and the distal 
segment of the finger can be salvaged. In order to span the wound gap and to effect a 
successful repair, there must remain a viable soft-tissue bridge containing a functioning 
artery and nerve (or a reparable nerve), and the tissues distal to the wound must be viable. 
If the structures have been hopelessly crushed or otherwise devitalized so that necrosis is 
imminent, surgery will result in failure. There should also be sufficient bone structure to 
ensure a greater finger length than would result from amputation. Preservation of the 
distal phalanx with its highly specialized sensation, especially that of stereognosis, its 
nail, and general cosmetic value is our aim, together with retaining as much as possible of 
the over-all length of the digit. 

It is not within the scope of this paper to embody the treatment of shock, the prepara- 
tion and anaesthesia of the patient, or the meticulous débridement of the tissues. Careful 
observance and practice of the pertinent medical and surgical principles are “ musts”’ 
upon which depend the success of the surgery. 

Patients eligible for phalangeal recession should be operated upon within six hours 
of the time of injury. The longer the time elapsed, the more questionable is the chance of a 
good result. Only when shock has been controlled and pain has been alleviated, can careful 
clinical examination be made. The condition of the tissues can then be observed and the 
advisability of phalangeal recession can be determined. A complete roentgenographic 


study should be made. Adequate portable films can be made without removing the patient 
from the operating table. Roentgenograms should demonstrate not only the injured 
fingers but also the entire hand and wrist. Anteroposterior and lateral views are usually 
adequate; occasionally, oblique views are needed. Roentgenograms not only show the 
amount of bone remaining, but also furnish a permanent record of the injury. 

Extension of the wound is necessary for adequate exposure and repair. Incisions 


follow the basic principles of plastic hand surgery; thus painful scars are avoided. Wounds 
are converted so that the resulting scars will not limit function. The large vessels are 
ligated with No. 000 plain catgut. The damaged bone surfaces are debrided with caution, 
so that all possible length may be retained, and the ends are impacted. Classical bone 
surgery cannot be used, lest too much length be sacrificed. After the skeletal gap has been 
closed, one Kirschner wire, drilled longitudinally through the cancellous center of the 
distal fragment and into the proximal segment, is usually sufficient for fixation. The 
finger must then be fixed in a normal functioning position and the excess wire must be cut 
off. Occasionally, the loss of bone is such that intramedullary fixation is not practical. It 
then becomes necessary to provide fixation by burying stainless-steel wires to approximate 
joint capsule or other soft tissues, or by pinning with Kirschner wires in some way other 
than intramedullarly. 

The severed ends of the digital nerves are dissected free, resected into normal tissue, 
and an end-to-end anastomosis is effected with interrupted black silk sutures (No. 000000 
or finer), uniting the sheath in the classical manner. Without adequate nerve supply, re- 
constructive work is to no avail, since the finger would only atrophy and become an in- 
sensitive claw. Severed tendons are debrided and are permitted to retract, no attempt 
being made to repair. Intact tendons are left undisturbed. It is found that the slack of the 
flexors is absorbed by muscular compensation during the convalescent period. Closure of 
the soft tissues is done with No. 36 interrupted stainless-steel wire sutures. The shortening 
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process and closure of the wound result in a bulging of the soft-tissue bridge. This redun- 
dant tissue is shaped in a smooth are to prevent vessel-kinking and thrombosis. Denuded 


Fig. 1-A Fic. 1-B 
Fig. 1-A: Roentgenogram shows a typical punch-press injury. The little finger was completely non- 
viable distal to the proximal phalanx. The middle joint of the ring finger was shattered, but the remain- 
ing fragments of the proximal and middle phalanges were adaptable to recession surgery. 
Fig. 1-B: The remaining joint capsule of the middle phalanx was sutured to the transverse fibers of 
the proximal joint capsule with buried stainless-steel wire. Roentgenogram made one year after injury 
shows good union. 


Fia. 1-D Fig. 1-E 
Fig. 1-C: Photograph taken four months after injury shows the acceptable cosmetic appearance of the 
finger with a normal nail. The soft-tissue bulge of the neurovascular arch can be seen on the radial aspect. 
Fig. 1-D: Photograph demonstrates good extension of the recessed finger and a pleasing conformity 
to the hand. 
Fig. 1-E: Photograph taken eight months after surgery shows the patient’s ability to grasp a hammer. 
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areas with exposed bone or tendons are promptly covered by soft-tissue flaps or split-skin 
grafts taken from the volar surface of the forearm. As healing progresses, the soft-tissue 
bunching gradually recedes, and, in twelve to sixteen weeks, the finger shows more sym- 


metrical conformity. 


A fluff-gauze dressing is applied and the fingers are fixed in a position of function on a 
volar plaster splint extending from the finger tips to the upper third of the forearm. Un- 
injured digits are not incorporated in the dressings, but are left unrestricted, so as to avoid 
the atrophy of disuse. A stockinette bandage holds the splint in place and exerts constant 
moderate pressure on the soft tissues, the maximum pressure being at the finger tips and 
diminishing proximally. Prophylactic antitetanic medication follows surgical repair. An 


Fia. 


initial dose of 1,000,000 units of penicillin 
is administered ; doses of 600,000 units are 
given for the next five to’seven days, or as 
indicated. 

The postoperative course is generally 
uneventful. As long as there is no abnormal 
elevation in temperature, the wounds are 
not disturbed. At the end of three or four 
weeks, the dressings are changed and the 
skin sutures are removed. The splint is re- 
applied for another three or four weeks, 
after which the Kirschner wires are re- 
moved. For this procedure, a novocain 
wheal is adequate, since there is very little 
discomfort. Roentgenographic examina- 
tion at this time shows little bony callus. 
However, if the site of bone approximation 


Fia. 2-C 


Fig. 2-A: Roentgenogram demonstrates a mutilating injury to the left hand. The only digit suitable 


for recession surgery was the ring finger. 


Fig. 2-B: Postoperative roentgenogram shows the Kirschner wire lying along the volar surface of 
the distal phalanx and through the middle phalanx, fixing the impacted fragments. The transverse meta- 
carpal arch was preserved to maintain strength of the hand. 

Fig. 2-C: Roentgenogram made six weeks after injury shows good bony union with slight volar 
flexion. The roughened bone edges became smooth within twelve months and presented no problem. 
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Fic. 2-D 2-E 
Fig. 2-D: Photograph demonstrates a good grasp. Had the ring finger been amputated, a weak grasp 


would have resulted. 
Fig. 2-E: The almost normal appearance of the recessed ring finger is noteworthy. 


demonstrates good clinical union, only a restrictive bandage is needed; if false motion is 
present, the splint is re-applied until clinical union is achieved. Finger excursion is encour- 
aged as soon as there is clinical stability to permit it. Physical therapy in the form of 
whirlpool baths seems to aid in regaining early movement; however, there is no kind of 
physical therapy that can replace early voluntary use of the hand. Return to work within 


eight to twelve weeks is urged. 
REPORT OF CASES 
The following case reports are representative of the group treated and have been 
selected as illustrating the principles of surgical repair outlined: 

Case 1. Mr. A... h, aged twenty, caught his left (major) hand in a punch press. There was almost 
complete destruction of the little finger, and the ring finger, contused and crushed, presented multiple com- 
minuted fractures of the proximal phalanx with complete destruction of the middle joint (Fig. 1-A). Before 
surgery, he was given 100 milligrams of demerol and a digital nerve block with 2 per cent. novocain. 

Surgical treatment consisted of a meticulous débridement. The little finger was amputated through the 
proximal phalanx. In the ring finger, the middle and distal phalanges were viable, and it was felt that a re- 
cession operation was indicated. On the radial side of the finger, the digital nerve and vessels were contused 
but intact. On the ulnar side, the blood and nerve supplies were completely destroyed. The loose bone frag- 
ments were removed, and the middle phalanx was arthrodesed to the remaining portion of the proximal 
phalanx. Fixation was done with buried stainless-steel wire sutures passed through the remaining portion of 
the joint capsule (Fig. 1-B). (In later cases, this method was abandoned and intramedullary pins were used 
for better fixation.) The nerve to the ulnar side of the finger was repaired; bleeders were ligated; and, on the 
radial aspect of the finger, an arch was formed containing the digital nerve and blood vessels. The flexor and 
extensor tendons were left intact. The wounds were closed with interrupted stainless-steel wire. 

The postoperative course was uneventful, and the patient resumed his regular work fourteen weeks after 
injury. Seventeen months later, his grip measured 90 kilograms, as compared with 130 kilograms on the right 
uninjured hand.* On flexion, the tip of the ring finger lacked one and one half inches of touching the mid- 


* A spring type of dynamometer was used. 
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Fig. 3-A Fic. 3-B 
Fig. 3-A: Roentgenogram reveals complete destruction of the distal joint of the middle finger. A 
flying piece of metal had produced an explosion type of destruction. 
Fig. 3-B: Roentgenogram made after surgery shows Kirschner wires fixing the recessed phalanges. 


Fie. 3-C 
Roentgenogram made eight weeks postoperatively demonstrates good bony union. 
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almar crease, the proximal joint 


flexing to make an angle of 88 de- bi 


grees and the distal joint an angle 
at 15 degrees. Extension was com- 
plete. The patient demonstrated 
good sensation and stereognosis, but 
stated that he had some numbness 
on the ulnar aspect of the distal 
phalanx. The fingernail was normal 
in appearance and growth and the 
hand was acceptable cosmetically 
(Figs. 1-C and 1-D). He could hold 
objects, such as a hammer, iron 
bars, and plates (Fig. 1-E). 


Case 2. Mr. W., aged thirty- 
nine, caught his left hand in a press 
of a stamping plant in such a way 
that the index finger was amputated 
through the proximal phalanx and 
the entire middle finger was de- 
stroyed, including its proximal joint. 
In an area in the palm, approxi- f 
mately two inches in diameter, the 
flexor tendons were exposed. In the 

ring finger, there was an open com- The middle finger appears normal except for some shortening. 
minuted fracture of the distal pha- The patient demonstrates good grasping ability in holding a hammer. 
lanx with destruction of the distal 

joint and avulsion of the flexor-tendon insertion. There were multiple contused lacerations on the volar 
surface of the middle and distal segments of the fingers (Fig. 2-A). 

Meticulous débridement was carried out. The stump of the index finger was revised. The middle finger 
was filleted, the bone was resected through the distal end of the metacarpal, leaving sufficient length to main- 
tain the transverse metacarpal arch, and the filleted tissue was used to cover the palmar defect. In the ring 
finger, the bony fragments of the distal phalanx and of the joint were removed, as was the remaining articular 
vartilage. Then the distal phalanx was impacted with the middle phalanx and fixed by a Kirschner wire 
passed through the dense fibrous tissue of the distal phalanx and into the middle phalanx intramedullarly. 
With the exception of the flexor profundus tendon, all of the nerves, vessels, and tendons were intact. The 
wounds were closed with stainless-steel wire sutures (Fig. 2-B). 

The postoperative course was uneventful, anc the patient returned to his regular work six weeks after 
injury. Roentgenographic examination showed good bony union (Fig. 2-C). Ten months after injury, his 
grip was 60 kilograms, as compared to 155 kilograms on the right (major) hand. Extension was complete 
except for the distal joint, which was ankylosed in 40 degrees of flexion. The proximal joint could be flexed 
85 degrees, the middle joint 100, and the tip of the finger could be flexed to within three quarters of an inch 
of the mid-palmar crease. The arthrodesis was stable, and the soft tissue had good sensation with only a 
slight amount of tenderness of the scarred area. The appearance of the finger was good. The nail was intact 
and normal in appearance (Figs. 2-D and 2-E). 


Fia. 3-D 


Case 3. Mr. L., a fifty-year-old metal polisher, injured his left middle finger on a piece of flying metal. 
There were complete destruction of the distal joint (Fig. 3-A), open comminuted fractures of the adjacent 
phalanges, and multiple lacerations and contusions of the soft tissue. The neurovascular bundles and the 
tendons were intact. 

Careful débridement was done under avascular conditions. Because the ends of the phalanges were 
oblique and tapered, the arthrodesis was fixed by Kirschner wires placed at right angles to the fracture lines 
rather than intramedullarly (Fig. 3-B). There was slight bilateral bulging of the neurovascular bridges. The 
tendons were not disturbed. Immobilization was confined to the injured finger, and the patient returned 
to work the following day where he was able to use the free fingers of the injured hand, as well as of the 
uninjured hand. His progress was uncomplicated. Roentgenographic examination made eight weeks later 
demonstrated good bony union (Fig. 3-C). The angulation and slight dorsal displacement did not restrict 
function. 

Examination after two years demonstrated a cosmetically good finger. The color and sensation were 
normal. The nail had normal texture and growth. The patient had been doing his regular job as a metal 


VOL. 37-A, NO. 1, JANUARY 1955 


83 


84 Cc. E. NEMETHI 


polisher, experiencing no difficulty. He could pick up small objects, such as matches and pins, with the 
thumb and long finger. He stated that his friends had noticed no abnormality of his hand (Fig. 3-D). The 


Fia. 4-B 


finger was half an inch shorter than that of the 
uninjured hand. The distal joint was fused and 
motions of the remaining joints were normal. 
There was no loss of grip. 


Case 4. Mr. C., aged forty-three, a trash collec- 
tor, caught his right hand between a telephone 
pole and the door of his moving truck. He was 
found to have avulsion of the soft tissues and an 
open comminuted fracture of the distal phalanx 
of the index finger, as well as an open comminuted 
fracture of the middle phalanx of the middle finger 
with considerable bone loss and marked displace- 
ment of the fragments. The adjacent joints were 
intact. There was marked soft-tissue damage and 
the nerve on the radial side was severed, as were 
the blood vessels. A laceration into the middle 
joint of the ring finger destroyed the radial aspect 
of the joint capsule and a portion of the extensor 
tendon (Fig. 4-A). 

Fig. 4-A: Roentgenogram demonstrates an in- 
jury ideally suited to recession surgery. The 
middle finger has suffered a shattering open com- 
minuted fracture of the middle phalanx with loss 
of bone substance, but the adjacent joints are 
intact. There is sufficient bone remaining to permit 
limited bone repair. 

Fig. 4-B: Postoperative roentgenographic ex- 
amination demonstrates intramedullary Kirschner- 
wire fixation with almost anatomical alignment. 
There is enough bone substance on each side of 
the recession site to ensure solid anchorage. 
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Fic. 4-C 


Roentgenograms made fourteen months after injury demonstrate solid bony union. The pha- 
lanx is shortened and thickened, but presents good alignment. Joint spaces are normal, as com- 
pared with those of the uninjured fingers. 


A sedative was given and the patient was prepared for surgery. Following a 2 per cent. novocain nerve 
block, careful débridement was accomplished, and the wounds of the index finger were repaired with stainless- 
steel wire. In the middle finger, the loose bone fragments were removed, and the remaining distal portion was 
impacted with the proximal third and fixed by an intramedullary Kirschner wire. The severed digital nerve 
was resected to vital tissue and repaired. The skin was closed with stainless-steel wire sutures (Fig. 4-B). 
The postoperative course was uneventful. Roentgenographic examination six weeks later showed healing 
and good alignment at the recessed site. 

Examination fourteen months after injury revealed a grip reading of 88 kilograms, as compared with 
100 kilograms in the uninjured left hand. On flexion, the middle finger lacked one and one-half inches of 
touching the mid-palmar crease, the proximal joint flexing 70 to 80 degrees, the middle joint 61 to 106 
degrees, and the distal joint 20 to 63 degrees. The finger was half an inch shorter than that on the opposite 
uninjured hand. Sensation was normal except for slightly diminished acuity over the distal phalanx. The 
nail was normal in appearance, growth, and color. The patient was doing his regular job of trash collecting, 
which placed a heavy strain on the hand. He had a history of painful arthritis affecting both hands. Other 
than this, he had no complaints and he was happy with the recessed finger and grateful that an amputation 
had not been necessary (Fig. 4-C). 


Case 5. Mr. A... . 1, aged forty-five, caught his left hand in a trim saw. The little finger was ampu- 
tated through the distal joint and the ring finger through the proximal phalanx. In the middle finger, there 
were open comminuted fractures of the proximal and middle phalanges, with complete destruction of the 
middle joint. Both digital nerves were severed, as were the artery and the vein on the ulnar side of the 
finger; the nerves and blood vessels on the radial side of the finger were intact. The index finger suffered 
an identical injury except that the nerve on the radial side was spared. In both fingers, much bone tissue 
was lost. In the thumb, there was an open comminuted fracture of the distal phalanx (Fig. 5-A). 

Following surgical preparation and a nerve block, a careful débridement was done, as well as a revision 
of the little and ring fingers and a plastic repair of the thumb with a skin graft. In the middle finger, the 
loose bone fragments were removed and an arthrodesis was done, the bones being fixed by an intramedullary 
Kirschner wire. The severed nerves were repaired and the skin was closed with stainless-steel wire sutures. 
Bone fragments of the index finger were removed, and the middle and proximal phalanges were impacted 
and pinned with intramedullary wire (Fig. 5-B). Partially severed tendons were debrided but not resected. 
It was necessary to apply a split-skin graft to a denuded area approximately one inch by one-half inch, over 
the site of recession. Viability of the recessed fingers was questionable at the time of surgery, but the patient 
had an uneventful postoperative course. He returned to light work nine weeks after injury and to his regular 
job at the mill thirteen weeks from the date of injury. 
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Fia. 5-A 


Fia. 5-B 


Fig. 5-A: Roentgenogram made immediately following injury 
displays a completely shattered group of fingers. The distal phalanges 
of the little and ring fingers were amputated. Large bony defects ap- 
pear in the middle and index fingers. Amputation of these fingers 
would have resulted in an almost useless appendage. In such an in- 
jury, phalangeal-recession surgery can be utilized to its fullest benefit. 

Fig. 5-B: Postoperative roentgenogram shows the Kirschner wires 
in place. Bone repair was held to a minimum in order to preserve 
length. The site of arthrodesis represents the normal line of ampu- 
tation if phalangeal recession had not been used. Bunching of the 
soft tissues can be seen, especially in the middle finger. 


Examination at the eighth post- 
operative month showed flexion of 
the proximal joint of the index 
finger to be 75 to 81 degrees, that 
of the middle finger 75 to 90 degrees. 
Each finger lacked one and one 
half inches of touching the mid- 
palmar crease. Extension was com- 
plete in the proximal joints. The dis- 
tal joint of the index finger was 
fixed at 35 degrees of flexion and 
that of the middle finger at 40 
degrees (Figs. 5-C and 5-D). The 
average grip for the left injured hand 
was 12 kilograms, for the right 
(major) hand, 101 kilograms. The 
index finger was half an inch shorter, 
the middle finger one and one-eighth 
inches shorter, than those of the 
opposite hand. The patient stated 
that he was able to hold his job 
and perform his regular duties. He 
could pick up nails and hold a ham- 
mer and board with the injured 
hand (Fig. 5-E). Roentgenographic 
examination demonstrated good cal- 
lus formation (Fig. 5-F). 


RESULTS 


The results of this study 
would indicate that the pri- 
mary finger recession has a 
definite place in the treatment 
of finger injuries. Each patient 
presented a specific problem, 
which was evaluated in terms 
of the trauma present. While 
the basic principle of pha- 
langeal recession was applied 
in each case, the surgical ap- 
proach was varied according 
to the trauma present. The 
results have been acceptable 
clinically, functionally, and 
psychologically. Postoperative 
complications, such as osteo- 
myelitis, non-union, gangrene, 
causalgia, and marked 
atrophic changes, did not oc- 


cur. On the contrary, all of the patients demonstrated healing per primam. Arthrodesed 
phalanges did not require a longer period of healing than did simple fractures. The time 
the patient was absent from work was not longer than that necessary for an amputation, 
and the permanent disability was much less. Revisionary surgical procedures were not 
done, nor were they indicated in this group. All of the patients returned to their regular 
work and have continued in it to date. The satisfactory results are directly attributable 
to the strictest adherence to the principles governing hand surgery, to the fact that repair 
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Fia. 5-D 


Fig. 5-C: Photographs taken eight months 
after operation illustrate a good pinching mech- 
anism. The index finger with its special 
stereognostic sense can approximate the 
thumb, enabling the patient to handle 
small objects. 

Fig. 5-D: A good range of extension is 
demonstrated. Considerable length of 
the index and middle fingers has been 
preserved. 

Fig. 5-E: Photograph taken eight 
months postoperatively shows the pa- 
tient’s ability to hold such large objects 
as a hammer. He can also pick up 
matches and pins. 

Fig. 5-F: Roentgenogram made 
twenty months after operation shows 
good bony union and anatomical align- 
ment. 


was undertaken within the first six 
hours, and to antibiotic therapy. 
DISCUSSION 

Phalangeal-recession surgery is 
indicated where gross portions of 
bone and soft tissue are lost. A soft- 
tissue bridge containing the digital 
artery and nerve or a reparable 
nerve is essential for tissue viability 
distal to the wound. The gap is 
closed by fixing the distal bone ae. ie 
fragment to the proximal one with 
Kirschner wire. The resulting finger is shorter than normal, but demonstrates good 
motion, sensation, and cosmetic appearance. Motion in the fingers varies with the amount 
of damage. When only the distal joint has been destroyed, good motion is obtained by 
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the action of the proximal and middle joints. With destruction of both middle and distal 
joints, motion is restricted to the proximal joint. Destruction confined to the middle 
joint permits motion of the proximal and occasionally of the distal joint. Other factors, 
such as the presence or absence of tendons and the amount of trauma suffered by the 
tendons and their gliding mechanisms, also determine the degree of motion. 

The hand is an organ of irreplaceable function. No prosthesis has yet been devised 
to fulfill the functional requirements of prehension, sensation, and expression demon- 
strated by the normal hand. It follows that a maximum effort must be expended to 
salvage all the remaining viable parts of the injured extremity. In most cases of hand 
injuries, it lies within the realm and skill! of the first surgeon seen by the patient to restore 


a useful member —a hand which will enable him to make a living. Bunnell’ states: 


“The outlook for the injured hand, as to whether it is doomed to disability or will regain 
useful function, depends primarily on the first aid and early definitive treatment rather 


than upon the care during convalescence”’. 
CONCLUSIONS 
1. Injuries to the fingers involving large gaps of soft-tissue and bone damage can 
be repaired by phalangeal recession, thus avoiding unnecessary amputation of the fingers. 
2. The distal phalanx with its highly specialized sensation and stereognosis, its nail, 
and general cosmetic appearance can be salvaged. 
3. The fundamental functions of the normal hand—prehension, sensation, and 


expression—are better salvaged by phalangeal-recession surgery than by amputation. 


1. BuNNELL, Srertinc: The Early Treatment of Hand Injuries. J. Bone and Joint Surg., 33-A: 807-811, 


July 1951. 


DISCUSSION 
Tue [INTERNAL ARCHITECTURE OF THE FEMUR AND ITs CLINICAL SIGNIFICANCE 
(Continued from page 77) 


and the split-line technique which I have mentioned, is now underway; these should add further information 
to Dr. Tobin’s work. May I compliment him upon his paper and upon his fine photography. 
a. Bennincuor, A.: Spaltlinien am Knochen, eine Methode zur Ermittlung der Architektur platter 
Knochen. Verhandl. d. Anat. Gesellsch., 34: 189-206, 1925. 
Evans, F. G.; Hayes, J. F.; and Powers, J. E.: “Stresscoat’’ Deformation Studies of the Human 
Femur under Transverse Loading. Anat. Rec., 116: 171-188, 1953. 
Fiourens, P.: Théorie Expérimentale de la Formation des Os. Paris, J.-B. Bailliére, 1847. 
Hasousn, E. J.: Photoelastic Stress and Strain Analysis in Cervical Fractures of the Femur. 
Bull. Hosp. Joint Dis., 13: 252-258, 1952. 
Hasousu, E. J.: Biomechanics of Femoral Nail and Nailplate Insertions in Fractures of the Neck 
of the Femur. Bull. Hosp. Joint Dis., 14: 125-137, 1953. 
Roux, WiiHetm: Der Kampf der Theile im Organismus. Ein Beitrag zur Vervollstiindigung der 
Mechanischen Zweckmiissigkeitslehre. Leipzig, Wilhelm Engelmann, 1881. 
. Spray, C. M., and Wippowson, E. M.: The Effect of Growth and Development on the Composi- 
tion of Mammals. British J. Nutrit., 4: 332-353, 1950. 
. Tappen, N. C.: A Functional Analysis of the Facial Skeleton with Split-Line Technique. Am. J. 
Phys. Anthropol., 11: 503-532, 1953. 


Dr. Tosrn (closing): Dr. Haboush has discussed the internal architecture of the femur from the bio- 
mechanical viewpoint. Dr. Goff has approached the material presented from the comparative anatomical and 
anthropological aspects. I, too, am interested in anthropology. An attempt has been made to present the 
architecture of the upper end of the femur from the clincial point of view. 
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THE MECHANISM OF TOTAL DISLOCATION OF THE TALUS 
BY BALDO LEITNER, M.D., VIENNA, AUSTRIA 
From the Unfallkrankenhaus, Wien* 


The mechanism of total dislocation of the talus is not well understood and there has 
been much difference of opinion about it. In 1944, Kirschner and Nordmann wrote that 
the mechanism of the injury was not understood. Watson-Jones, in 1943, classified total 
dislocation of the talus as a third-degree inversion injury; he classified dislocation of the 
ankle joint as a first-degree inversion injury and dislocation of the subtalar joint as a 
second-degree inversion injury (see his Figs. 1226 to 1228). Bonnin, in 1950, called it 
splitting hairs to argue about which joint dislocates first. What, then, is the real mech- 
anism of this dislocation, and which joint dislocates first? 

The many contradictory explanations in the literature do not answer these ques- 
tions. The key to the solution lies in the study of the mechanism of the subtalar disloca- 
tion. In a review of forty-two recent cases of this injury, the author found a concomitant 
subluxation of the ankle joint in six patients. Béhler considered this lesion to represent 
a preliminary stage in total dislocation of the talus. The diagnosis of talocrural disloca- 
tion in these cases was purely accidental. If special attention had been paid to it—for 
example, by making x-rays under strain—the concomitant talocrural subluxation would 
probably have been found more often. In these severe injuries the force of the blow 
damaged the ligaments, not only of the subtalar joint, but also of the ankle joint. 

Cases of subtalar dislocation with concomitant subluxation of the ankle joint (rang- 
ing from preliminary stages to total dislocation of the talus) are shown in Figures 2-A 
to 2-C, 5-A and 5-B, and Figure 8, 1b and 2b. 

The extent of subluxation of the ankle joint may vary from slight displacement to 
almost complete dislocation. The clinical appearance in these preliminary stages is almost 
identical with that in medial and lateral subtalar dislocation, that is, maximum inversion 


1-A Fia. 1-B 


Medial subtalar dislocation. 
Fig. 1-A: Subtalar displacement by half the width of the talus (see also Fig. 8, /a). 
Fig. 1-B: Note the gap between the talus and the calcaneus. 


* Direktor: Prof. Lorenz Bohler. 
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Fig. 2-A Fia. 2-B 


Figs. 2-A to 2-C: Medial subtalar dislocation with 
anterior subluxation of the talus in the direction of 
supination. This is a preliminary stage in total 
medial dislocation of the talus. 

Fig. 2-A: Medial subtalar dislocation with pro- 
nounced supination-subluxation of the ankle joint 
(see also Fig. 8, 1b). (Reproduced by permission 
from Ergebnisse der Chirurgie und Orthopddie, 38: 
112, 1953.) 

Fig. 2-B: The lateral view shows anterior sub- 
luxation of the talus, as well as the gap between 
the talus and the calcaneus. Note the fracture of 
the processus posterior tali. (Reproduced by per- 
mission from Ergebnisse der Chirurgie und Ortho- 
pddie, 38: 112, 1953.) 

Fig. 2-C: Dorsoplantar view, showing subluxa- 
tion of the talus. This x-ray offers strong evidence 
that the lesion is a preliminary stage in total dis- 
location of the talus. 


(supination) or eversion (pronation) of the 
foot. The subluxation of the ankle joint 
will hardly be detectable clinically. As a 
result of the force which causes medial 
subtalar dislocation, the foot is inverted, 
the head of the talus loses its contact with 
the navicular (subtalar dislocation), and 
finally the talocrural joint subluxates. The 
strongly inverted foot then loses its stability and glides back to a neutral position. Thus 
in medial subtalar dislocation with concomitant talocrural subluxation (Figs. 2-A to 2-C, 
and Fig. 8, 1b) the foot is displaced further medially and is supinated to a lesser extent 
than in medial subtalar dislocation without accompanying subluxation of the talocrural 
joint (Figs. 1-A and 1-B, and Fig. 8, /a). In lateral subtalar dislocation with concomitant 
talocrural subluxation, the foot is in maximum pronation, so that the talus is dislodged 
from its normal position (Figs. 5-A and 5-B, and Fig. 8, 2b). In lateral subtalar disloca- 
tion without talocrural subluxation (Figs. 4-A and 4-B, and Fig. 8, 2a) the foot is less 
pronated and the lateral displacement occasionally is more evident. Abduction of the 
foot is exceptional. In our five cases of lateral subtalar dislocation there was clinical evi- 
dence of abduction in one case; adduction was present in two cases and the neutral posi- 
tion in two. This deformity is mainly caused by the subtalar dislocation. In total dislo- 
cation of the talus the main deformity disappears, as the talus is no longer impacted. 

In reviewing his own roentgenograms and those in published reports ':7-8-11.12,15.18,19,20 


Fig. 2-C 
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Fig. 3-A Fia. 3-B 
Complete dislocation of the talus (open) by the mechanism of supination. 

Fig. 3-A: Lateral dislocation of the talus by its full width (see also Fig. 8, 1c). (Reproduced by 
permission from Ergebnisse der Chirurgie und Orthopddie, 38: 120, 1953.) 

Fig. 3-B: Anterior dislocation of the talus by its full width. Rotation of the talus about all three 
axes, so that its head (between the lower anterior margin of the tibia and the navicular) faces 
toward the heel and sole of the foot, whereas the body of the talus faces toward the toes and up- 
ward. (Reproduced by permission from Ergebnisse der Chirurgie und Orthopddie, 38: 120, 1953.) 


Fig. 4-A Fig. 4-B 
Lateral subtalar dislocation. 
Fig. 4-A: Lateral subtalar subluxation by the full width of the talus (see also Fig. 8, 2a) and 
fracture of the lateral malleolus with upward displacement. 
Fig. 4-B: Plantar and posterior subtalar dislocation and fracture of the processus posterior tali. 


the author noted the gradual transition from a medial or lateral dislocation to total dis- 
location of the talus. There is no specific mechanism of trauma which leads to total dis- 
location of the talus, but the injuring force is stronger and acts over a longer period. The 
force, after having caused the subtalar dislocation, continues, ruptures the ligaments of 
the ankle joint, and finally forces the talus out of its normal place. 

Subtalar dislocation is to be considered, as has been stated, as a preliminary stage in 
total dislocation of the talus. In primary dislocation at the talocrural joint—Ehalt, in 
1947, called this injury ‘“‘luxatio pedis cum talo’’—when the talus is fixed to the foot, 
it is not probable that the talus will be separated from the foot as the traumatic force 
continues. The ligaments which hold the talus to the foot are stronger than those by 
which it is attached to the malleoli. Total dislocation of the talus may result either from 
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Fig. 5-A Fia. 5-B 
Lateral subtalar dislocation with supination-subluxation of the talus. (Preliminary stage 
to total lateral dislocation of the talus.) 


Fig. 6-A 6-B 


Complete medial dislocation of the talus (open) by the mechanism of pronation. 


Subtalar dislocation with fracture of the neck of the talus. 
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Fig. 5-A: Lateral subtalar dislocation with pronounced supination-subluxation of the ankle joint 

(see also Fig. 8, 2b) and fracture of the lateral malleolus with upward displacement. (Reproduced by 
_ permission from Ergebnisse der Chirurgie und Orthopddie, 38: 117, 1953.) 

Fig. 5-B: Plantar and posterior subtalar dislocation with fracture of the processus posterior tali. 
(Reproduced by permission from Ergebnisse der Chirurgie und Orthopddie, 38: 117, 1953.) 

Fig. 6-A: Medial dislocation of the talus by its full width (see also Fig. 8, 2c). The trochlea tali faces 
medially and downward. There is also a fracture of the lateral malleolus. (Courtesy of Prof. Pachner, 
Genoa, Italy.) 

Fig. 6-B: The talus is dislocated exactly medially. The head of the talus faces the toes. (Courtesy of 
Prof. Pachner, Genoa, Italy.) 

Fig. 7-A: Lateral displacement of the foot, the head of the talus being sopuese by half the width of 
the talus. The body of the talus is rotated around its long axis through 45 degrees (pronation-subluxa- 
tion), so that the trochlea tali faces medially and upward and the lower joint surface of the talus faces 
laterally and downward. 

Fig. 7-B: Anterior displacement of the foot, the head of the talus being displaced about two centi- 
meters. The fragment from the body of the talus is rotated backward around a horizontal axis through 
about 25 degrees. A fragment of the lateral malleolus is visible between the fragments of the talus. 


Fic. 8 
Drawings of the luxation mechanisms leading to total dislocation of the talus. 
Fig. 8, fa: Total dislocation of the talus by a supinatory force, first degree: medial subtalar dis- 
location (see also Fig. 1-A). 
Fig. 8, 1b: Total dislocation of the talus by a supinatory force, second degree: medial subtalar dis- 
location with supination-subluxation of the talus (see also Fig. 2-A). 
Fig. 8, 1c: Total dislocation of the talus by a supinatory force, third degree: total lateral dislocation 
of the talus (see also Fig. 3-A). 
Fig. 8, 2a: Total dislocation of the talus by a pronatory force, first degree: lateral subtalar dislocation 
(see also Fig. 4-A). 
Fig. 8, 2b: Total dislocation of the talus by a pronatory force, second degree: lateral subtalar dis- 
location with supination-subluxation of the talus (see also Fig. 5-A). 
Fig. 8, 2c: Total dislocation of the talus by a pronatory force, third degree: total medial dislocation 
of the talus (see also Fig. 6-A). 
excessive inversion or from excessive eversion of the foot. In the preliminary stages of 
total medial dislocation—that is, medial subtalar dislocation with talocrural subluxation-— 
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supination or anterior subluxation is seen; pronation-subluxation of the talus is never 
found. The reason for this is evident, as the nature of the trauma leads to forced supina- 
tion. It is surprising, however, that the lateral preliminary stages of total dislocation— 
that is, lateral subtalar dislocation with talocrural subluxation—also reveal a supination- 
subluxation of the talus, never a pronation-subluxation. How can this fact be explained? 

As the injury results from forced pronation of the foot, it is to be expected that the 
talus subluxates in pronation. A pronation-subluxation of the talus has never been found 
in our cases, however; the cases reported by Benedetti-Valentini and by Pfaehler also 
showed supination-subluxation of the talus. From experiments on cadavera it is evident 
that the talus can easily luxate laterally in supination. The medial malleolus and the 
calcaneus act as obstacles when the talus is forced to luxate medially with the foot in 
pronation. Only if the talus rotates as in supination can it glide out of its position me- 
dially. This may be seen in Figures 6-A and 6-B, and Fig. 8, 2c. The anteroposterior view 
shows the talus in supination, the trochlea facing laterally. In one of the author’s cases 
of total fracture-dislocation of the talus the trochlea faced medially and plantarward. 
In lateral subtalar dislocation with fracture of the neck or body of the talus the fragment 
from the body is pronated (pronation-subluxation of the body of the talus) because the 
foot is dislocated further laterally and because the luxating fragment is smaller than the 
talus (Figs. 7-A and 7-B). This corresponds with the reports of Ogilvy in 1927 (see his 
Fig. 1), Peter in 1933 (his Fig. 1), and Watson-Jones in 1943 (his Fig. 1253). 

In total dislocation of the talus the position of the talus reveals at once whether su- 
pination or pronation caused the dislocation. A supination mechanism forces the talus 
medialward. The supination mechanism occurs much more frequently than the prona- 
tion mechanism. At the Unfallkrankenhaus we have treated thirty-six cases of medial as 
compared with only five cases of lateral subtalar dislocation, and four cases of medial as 
compared with two cases of preliminary lateral stages in total dislocation of the talus 
(subtalar dislocation with talocrural subluxation). With the pronation mechanism the 
lateral malleolus is often fractured (Figs. 4-A, 5-A, and 6-A). 

SUMMARY 

Total dislocation of the talus results either from excessive supination or from ex- 
cessive pronation; accordingly the dislocated talus lies either laterally or medially. A 
first-degree supination injury results in medial subtalar dislocation; a second-degree 
supination injury results in medial subtalar dislocation with talocrural subluxation; and 
a third-degree supination injury results in total lateral dislocation of the talus. 

A first-degree pronation injury results in lateral subtalar dislocation; a second-degree 
pronation injury results in lateral subtalar dislocation, together with talocrural subluxa- 
tion; and a third-degree pronation injury results in total medial dislocation of the talus. 
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INTERMITTENT COMPRESSION ARTHRODESIS OF THE KNEE 


A PRELIMINARY REPORT 


BY DR. GAWAD HAMADA, ALEXANDRIA, EGYPT 


Impaction of bony fragments, whether produced by the initial injury, by body weight, 
or by mechanical compression, plays an important role in promoting the formation of 
early callus and union in the healing of fractures. Patients with impacted abduction sub- 
capital fractures of the neck of the femur may be allowed early mobility, with the result 
that further impaction occurs and union is rapid. Early movement and use of the hand 
in impacted Colles’ fracture will shorten convalescence and hasten union. While impaction 
and interlocking of raw areas of cancellous bone are conducive to early union, separation 
of fragments results in non-union or delayed union. The space to be filled at the fracture 
site, where there is firm contact, is small and permits the rapid intermingling of the 
osteoblastic tissue of both fragments. In separated fragments, on the other hand, there 
is a gap and the hematoma is larger. Rotatory and side-to-side movements are greater 
when compression is lacking and are therefore liable to disturb the intervening blood clot 
with its ingrowing capillaries and osteoblastic tissue. 

Early mobility and use of the limb not only prevent disuse atrophy, but check the 
initial local oedema and congestion about the fractured fragments. This augments the 
supply of important osteogenetic factors necessary to bone formation which are carried 
in the blood stream. 

Various methods of skeletal fixation by different types of nails have been described 
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for fractures and for arthrodeses of excised joints, to prevent mobility and displacement 
of fragments. Key in 1932 was the first to use compression to keep the denuded bony 
surfaces of the knee in position and so to encourage early fusion. After treating five cases 
with suecess, Key abandoned the method. Charnley ? in 1948 revived this technique and 
has treated one hundred cases * with only two ‘“‘complete failures”’. 

To ensure correct coaptation of the fragments with stability, and to help compression 
or contact of the raw bone surfaces of the knee joint, either the Charnley compressor or 
an intramedullary Kiintscher nail '* is used. The author has used the latter method with 


success. 
OPERATIVE TECHNIQUE 


A semicircular incision is made over the knee, cutting down through all the tissues 
to the joint. The knee is flexed and, with a saw or a broad chisel, all diseased bone and 
cartilage are removed until two flat, healthy cancellous surfaces are left to fit closely in 
apposition. A second incision is made over the middle of the tibia. The muscles of the 
anterior compartment of the leg are detached subperiosteally and retracted laterally. 
With a small gouge, a trough-shaped opening is made in the medullary cavity in the lateral 
aspect of the mid-portion of the tibia. 

A clover-leaf Kiintscher nail of proper size, with two centimeters of its blunt end bent 
to a right angle, is introduced through this tibial aperture and is driven upward toward 
the knee. It is directed toward the middle of the intercondylar area of the tibial plateau 
and, when it presents itself at this site, the knee is extended and so placed that the nail 
engages the center of the cut surface of the distal end of the femur. The nail is then driven 
up along the femoral shaft. It will be found to travel easily through the medullary canal. 
Its progress is resisted in the proximal part of the femur, where the canal becomes nar- 
rower. A few sharp taps with the hammer will impact the nail, if it is the correct size. 
The lower end of the nail is driven in until the bent part becomes caught in the tibial 
trough, thus preventing rotation. The nail, if it fits tightly above and below, will prevent 
flexion, extension, rotation, and angulation. 

If necessary, cavities or spaces between the excised bone ends are filled with pieces 
of the patella. 

The capsule and skin are 
sutured. The lower end of the 
nail is buried between the 
muscles and the tibia. 

A plaster cast is applied 
from the toes to the upper 
part of the thigh. Three weeks 
after the operation, the pa- 
tient is allowed out of bed and 
is made to walk. The average 
duration of plaster immobili- 
zation has been four months 
in vur cases. The nail is re- 
moved three to six months 
after the operation, according 
to the state of union seen in 
the roentgenograms. 

Fig. 1-A Fic. 1-B In our last two cases, am- 


Case 1, a patient with tuberculosis. Anteroposterior and lateral pylatory treatment without 
roentgenograms, made February 13, 1950, showing the condition 
before operation. external fixation of the limb 
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Fig. 2-A Fig. 2-B 
A and 2-B: Anteroposterior and lateral roentgenograms made March 24, 1950, two days after 


Fig. 3-A Fia. 3-B 


Figs. 2- 
insertion of an intramedullary nail. 
Figs. 3-A and 3-B: Roentgenograms made October 11, 1953, a little more than three and a half 


years after operation, showed complete bony ankylosis. 


was tried. Two weeks after the operation these patients were encouraged to walk; at first 
they supported themselves on the bed and in a few days they shuffled along, pushing a 
chair before them. The results th these two patients have been encouraging. The following 


are summaries of their records. 


Case 8. A man, aged thirty-five, had a subluxated knee joint with painful traumatic arthritis resulting 
from an old compound dislocation of the knee. The knee was excised and a Kiintscher nail was introduced. 
The patella was cut into small pieces, which were placed between the excised fragments. The patient was 
allowed to walk two weeks after the operation without a plaster cast or a splint. Eighty-five days after the 
operation the nail was removed. The knee was clinically firm and the patient walked without pain. Twenty 
days later the roentgenograms showed an appreciable amount of bony union. The patient went back to his 


work as a clerk somewhat less than four months after operation. 


Case 9. A man, sixty-five years old, was admitted to the hospital with old suppurative arthritis and 
bony ankylosis of the knee at 90 degrees of flexion. A wedge of bone was removed from the ankylosed joint 
and an intramedullary nail was introduced to hold the two fragments straight. The patient started walking 
three weeks after the operation. At first he found it difficult, having been used to walking with a bent and 
fixed knee. He gradually adapted himself, however, and, after eight weeks, was walking unassisted without 
any pain. 

DISCUSSION 

Charnley * did not favor intramedullary nailing as a compression method. We believe, 
however, that compression results from weight-bearing when an intramedullary nail is 
used. The long leverage of the impacted nail prevents torsion or angulation. 

We believe that, while continuous mechanical compression may produce pressure 
atrophy and necrosis of cancellous bone, intermittent compression is a stimulus to bone 
formation. 

Charnley * referred to a patient of Mr. J. Dobson’s “‘who had been treated for a 
number of years on a Thomas frame for Pott’s paraplegia. Owing to a permanent 
adductor spasm the external condyles of both his knee-joints had been compressed for so 


VOL. 37-A, NO. 1, JANUARY 1955 


|. 
~ 
‘ 
i 


98 GAWAD HAMADA 
TABLE I 
SuMMARY OF CASES 
Case Age Diagnosis Date of Approximate Result Remarks 
(Years Operation Follow-up 
Period 
1 27 Tuberculosis * March 22, 1950 4 years Good Plaster 
fixation 
2 35 Old suppurative arthritis * April 5, 1950 4 years Good Plaster 
fixation 
3 19 Tuberculosis * April 25, 1950 t years Good Plaster 
fixation 
' 35 Tuberculosis November 11, 1950 3 years Good Plaster 
fixation 
5 30 Tuberculosis * December 26, 1951 2 years Good Plaster 
fixation 
6 22 Old suppurative arthritis * April 22, 1952 2 years Good Plaster 
fixation 
7 16 Tuberculosis * June 10, 1952 Has left the 
country. 
8 35 Compound dislocation September 10, 4 months Good No external 
1953 fixation. 
Nail re- 
moved. 
Walks well. 
9 65 Old suppurative arthritis, November 31, 10 months Good No external 
flexion deformity of 90 1953 splinting. 
degrees Walks 
well unas- 
sisted. 


* Lesion diagnosed by biopsy. 


long that in one knee the articular cartilage ulcerated and true osseous union occurred 
spontaneously.”’ Such spasm, however, cannot produce continuous compression, as no 
doubt there are periods of greater or lesser relaxation of the spasmodic muscle tension. 


Excision of the knee with resultant flat, close-fitting surfaces creates a condition 


similar to a transverse fracture of the femur treated by an intramedullary nail. 


This technique has been tried in various types of arthritis and has also given encourag- 


ing results in tuberculosis. 


No complications have been observed in the cases here reported. In cases in which a 


fistula had formed around the lower end of the nail, the sinus closed soon after the nail 


had been removed. 
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EXPERIENCES WITH THE PALMER OPEN REDUCTION OF FRACTURES 
OF THE CALCANEUS * 


BY JACK E, MAXFIELD, M.D., AND F. J. MCDERMOTT, M.D., WICHITA FALLS, TEXAS 
From the Department of Orthopaedic Surgery, Wichita Falls Clinic-Hospital, Wichita Falls 


In opening this paper, the authors wish to recognize the great variety of therapeutic 
approaches to the fractured calcaneus which have been described in the literature in recent 
years. Methods vary from simple control of oedema and early mobilization, as reported by 
Belenger, Vander Elst, and Lorthioir and Carothers and Lyons, through a primary or 
arly subtalar arthrodesis according to the techniques designed by Gallie and others and 
utilized by Harris, Geckeler, and Dick, up to the radical complete excision of the cal- 
caneus, as described by Pridie. In an attempt to find a middle ground with restoration 
of both normal anatomy and function, a few surgeons have experimented with open 
reductions. 

In 1946, Whittaker read two papers describing an open procedure with metal fixation 
in three patients. Then in 1948 Palmer, of Sweden, wrote his excellent article describing 
the use of a block-wedging bone graft to hold the depressed articular fragment elevated 
into normal position. Palmer gave credit to Lenormant and Wilmoth as having described a 
similar procedure in the French literature in 1932. Since then, Bremner and Warrick and 
Stulz, Folschweiller, and Badina have endorsed this method. 

This paper is a review of experiences with twenty consecutive cases treated by Palm- 
er’s method. Of the twenty patients, sixteen were men and four were women. An adequate 
follow-up was obtained on nineteen patients, fifteen men and four women, whose ages 
ranged from twenty-five to fifty-seven years. Twelve of the fifteen men were covered by 
compensation insurance. One patient had sustained bilateral heel fracture, and two others 
had multiple injuries. In every instance, the cause was a fall from a height, the distance 
varying from chair height to eighty feet, in a fall from an oil derrick. All fractures in this 
series were comminuted and showed definite displacement of the articular surfaces of the 
bone. The exact deformity found at operation was variable and was sometimes difficult to 


describe. 
PATHOLOGY 


Palmer described the most common varieties of fracture, and, more recently, Warrick 
and Bremner have given further excellent illustrations of the variations which can occur. 
Essentially, the deforming factors in these fractures have been the impaction and the de- 
pression of all or a part of the central portion bearing the articular process. In the most 
common type of fracture, there was depression, impaction, and forward rotation of the 
lateral portion of the main posterior facet. This facet may also be rotated either laterally 
or medially. The entire intact facet has been depressed in some fractures, and in three cases 
in this series, the medial portion of the facet, rather than the lateral portion, was depressed. 
In only one patient in this series had the facet broken into more than two major fragments. 
In several, a small thin rim was found separated on the extreme lateral edge of the de- 
pressed section; this was simply removed and discarded. 

OPERATIVE TECHNIQUE 

The operative technique used is essentially that of Palmer. The patient is put in the 
prone position and a curved incision is made following the course of the peroneal tendons. 
The terminal branch of the sural nerve is protected from injury. The sheath of the peroneal 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 28, 1954. 
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TABLE I 


EXcELLENT RESULTS 


Six Cases (31.5 per cent.) 


bi Patient Length of Occupation Period before 
Follow-up Return to Work 
(Months) (Months) 
Light Heavy 
Work Work 


Roofer 3.75 s 


Plant maintenance man 


Rig-builder 


Derrick man 


Telephone-board repairman 


Housewife 


* Denotes compensation case. 


tendons is divided longitudinally, and the tendons themselves are displaced anteriorly 
beyond the fibula. The calecaneofibular ligament is severed and the talocalcaneal joint is 
opened. The use of a Kirschner wire through the posterior portion of the caleaneus not 
only facilitates reduction of the fracture but also helps in opening up the joint space for 
inspection. The articular surface or surfaces are identified and the depressed portion is 
elevated into normal position. Once the fragment has been elevated, the multiple inferior 
fragments along the base of the bone which have spread laterally can be rather easily 
compressed with the hand into relatively normal position. This manoeuvre partially oblit- 
erates the cavity produced by the elevation of the depressed fragment, but a large gap still 
remains. Extra bone is then packed and wedged into this space until the elevated fragment 
is held well in its normal position up against the articular surface of the talus. 

Gosset, of France, has described a method of elevating this fragment, with an instru- 
ment similar to a Steinmann pin, through a puncture wound only, and then incorporating 
the instrument into the plaster cast in order to maintain the position. This would seem to 
be much more difficult and uncertain than the use of extra bone. In fourteen of our pa- 
tients, iliac bone was used, but in the last five of the series, zephiran-preserved bone from 
our bone bank was utilized. No difference could be detected in the end results in the pa- 
tients with iliac-bone autografts and those with bone-bank bone grafts. In one patient, we 
were unable to obtain stability of the elevated fragment by the bone-graft wedging alone, 
because the two halves of the articular facet tended to separate. A bone peg from the bank 
was mortised, transversely, into a drill hole through the two fragments, and the desired 


stability was obtained. 

The operation is done with the use of a tourniquet, which, according to our present 
technique, is not removed until after wound closure and cast application. We have rou- 
tinely used a plaster boot for eight weeks, a walking boot for the next two weeks, and then 


unrestricted weight-bearing. 


POSTOPERATIVE COURSE 


The postoperative course of all patients was similar and was characterized by an 
amazing lack of reaction and swelling, and a minimal amount of pain. These factors were 
emphasized in Palmer’s original article and were outstanding in this series. Casts did not 
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Fig. 1-A 1-B 
J. F., a telephone-board repairman, thirty-six years old. 
Fig. 1-A: Roentgenogram made at the time of injury. 
Fig. 1-B: Roentgenogram made four months postoperatively. 


have to be split, and any swelling existing before surgery subsided very rapidly. Twelve 
patients (60 per cent.) left the Hospital in five days or less. The average length of stay in 
the Hospital was 6.5 days, and, if the three patients with multiple injuries are eliminated, 


the average hospital stay was five days. 

There were no major complications in this series. Four patients had minor complica- 
tions, as follows: Two had delayed wound healing due to a small amount of slough along 
the suture line; one had a persistent vascular oedema necessitating the use of an elastic 
stocking after the removal of the cast; and one patient had a persistent hyperaesthesia on 
the lateral side of the foot, apparently from disturbance of the cutaneous branches of the 
lateral plantar nerve encountered at the operative site. 

END RESULTS 

Final follow-up examinations have been made during the past year. The period of 
follow-up varied from four and one-half months to forty-four months, and averaged 21.7 
months in nineteen cases. In the follow-up, we were primarily interested in the functional 
result. Did the patient himself feel that his activities were in any way limited by the condi- 
tion of his foot? Notes were made on the appearance of the foot and the amount of talo- 
‘aleaneal joint motion. Axial and lateral roentgenograms of the heel were made. 

The end results in six cases (31.5 per cent.) were judged as excellent, as shown in 
Table I. These six patients denied any restriction of activities, denied all pain, and said 
that they could perform any activity that they wished. There were five men and one 
woman in the group, and four of the men were covered by Workmen’s Compensation In- 
surance. The time of return to work is indicated in the tables. No attempt has been made 
to judge when a housewife goes back to work, and the women have been eliminated from 
the “back-to-work” statistics in all of the tables. As illustrations of this group, the follow- 
ing brief case reports are presented: 

J. B., a roofer, twenty-five years old, fell from a height. The original roentgenogram showed clearly the 
rotated posterior facet. The Palmer reduction operation was done, and the postoperative roentgenograms 
showed restoration of the normal joint surface and the iliac-bone graft beneath the articular process. This man 
returned to ground work with his company in less than four months and returned to roof work in eight 
months. Twenty-two months after his injury, while working on a very steep, high church roof, his safety 
equipment gave way and he fell again, — this time to his death. The patient had not lost a day’s work since 
he had returned and had had no complaints referable t> his foot when last seen, shortly before his fatal fall. 

J. F., a telephone-board repairman, thirty-six years old, sustained a fracture of the calcaneus. Note the 
markedly depressed and rotated articular facet shown in Figure 1-A. The second roentgenogram showed a 
good anatomical restoration (Fig. 1-B). This man’s regular work was not heavy, and he returned to work in 
his cast two weeks after injury. When interviewed in a thirty-three month follow-up examination, he stated 
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F. H., a derrick man, forty-two years old. 
Fig. 2-A: Roentgenogram showing the fracture of the caleaneus before treatment. 
9 


Fig. 2-B: Postoperative roentgenogram. 


Fig. 2-C 
Roentgenograms made eleven months postoperatively showing the end result after union of bone had 
become established 


that he had not lost a day’s work; he had no complaint with regard to his foot and had no limitations, what- 
ever, in his activities. He had about 50 per cent. of normal talocaleaneal joint motion and a normal-appearing 


foot except for slight thickening anterior to the operative sear. 


It should be noted that few, if any, of these feet had completely normal talocalcaneal 
joint motion, so that it could not be said that they were anatomically perfect. 


F. H., forty-two years old, was working as a derrick man on an oil rig when he sustained his injury (Fig. 
2-A). At operation, two longitudinal splits were found in the articular surface of the calcaneus. A small lateral 
slip was removed. The two main fragments were fitted together and elevated; bank bone was used to hold 
them in position. The patient has less than 50 per cent. of normal talocaleaneal joint motion, but forced 
motion is not painful. This man returned to work just a few days after his cast had been removed and has 
worked up in the derrick of an oil rig every day since then. He emphatically denies any pain or restriction of 
activities. 

B. W., a rig-builder, thirty-eight years old, fell eighty feet out of a derrick. The initial roentgenograms 
showed marked flattening and comminution of the calcaneus. A fifteen-month follow-up roentgenogram 
showed good restitution of the articular surface and of the tuber angle, but displacement of the anterior frag- 
ments has persisted. The patient has approximately 80 per cent. of normal talocaleaneal joint motion and 
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TABLE II 
Very Goop REsvULts 
Seven Cases (36.8 per cent.) 


Patient Length of Occupation Period before 
Follow-up Return to Work 
(Months) (Months) 
Light Heavy 
Work Work 


V. W. 18 Trucker 


Painter 


S. Me. * 


R. K. Internal Revenue Agent 


Maintenance engineer 


Painter 


R. 


Housewife 


M. B. 


J.C. 


Housewife 


* Denotes compensation case. 
has no complaints of any kind. He returned to the difficult and precarious structural steel construction work 
of rig-building four months after injury and plays baseball in his free time. He has mild persistant thickening 
of the heel. 
These cases show the variations in the group classified as having an excellent func- 
tional result, indicating that there has been no significant impairment in the function of the 
feet for walking, working, or running. 

The end results in another seven cases were judged to be very good from the fune- 
tional standpoint (Table II). These patients did not complain of any serious interference 
with their activities, but they did have some minor complaints. Five men, including three 
compensation cases, and two women comprise this group, with an average follow-up of 
over twenty-four months. In all of these cases, there was an early return to regular work. 
Brief case histories of representatives of this group are as follows: 

R. K., an Internal Revenue Agent, was seen eighteen days after injury. The degree of compression of 
the main part of the posterior facet can be judged by comparison of its level with that of the remaining medial 


Fig. 3-A Fig. 3-B 


R. K., Internal Revenue Agent, forty-two years old. 
Fig. 3-A: Preoperative roentgenogram made eighteen days after injury. 
Fig. 3-B: Roentgenogram made nine months postoperatively. 
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TABLE III 
Farr RESULTS 
Five Cases (26.3 per cent.) 
Occupation Period before 
Return to Work 
(Months) 


Light Heavy 
Work Work 


Patient Length of 
Follow-up 
(Months) 


Shop foreman 
Roughneck 


Rig-builder (bilateral frac- 
tures) 


Laborer 


R. K. Housewife 
* Denotes compensation case. 
+ Later this man was able to return to his regular heavy work. 


portion (Fig. 3-A). The operative note states that this fragment was elevated one inch and that considerable 
bank bone was necessary to fill the defect. A roentgenogram made at nine months (Fig. 3-B) showed some 
traumatic arthritis, although the patient said that he could think of no activity in which he was restricted. 
He did state that he had some discomfort on going downstairs and some aching after extensive walking. He 
has only mild thickening beneath the lateral malleolus and about 50 per cent. of normal talocalcaneal joint 


motion. 

8. Me., forty-eight years old, was a painter. Figure 4-A shows a severe degree of central depression of the 
calcaneus, and Figure 4-B shows the reduced fracture, probably one of the better anatomical restorations in 
the series. The length of follow-up is seven months. Although he has no difficulties in carrying on his trade as 
a painter, he does complain of minor discomfort when walking on rough surfaces. 


The excellent and very good results make up almost 70 per cent. of the entire series, 
and the authors feel that these patients treated by this method have better function than 


has been obtained in similar patients treated by closed methods. 
The results classified as fair are shown in Table III. These five patients represent 
26.3 per cent. of the group followed, and all have some restriction of activities because 


Fig. 4-A 4-B 
8. Me., painter, forty-eight years old. 
Fig. 4-A: Roentgenogram showing the fracture. 
Fig. 4-B: Roentgenogram made seven months postoperatively. 
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Fig. 5-A Fic. 5-B 


A.8., patient classified as having a poor result. 


Fig. 5-A: Preoperative roentgenogram made twenty-one days after injury. 
Fig. 5-B: Roentgenogram made about one year after original injury, showing incongruous articular 


surfaces. 


of pain. Brief notes taken from the end results in the case histories of three of these patients 


are as follows: 
E. M., shop foreman, The patient is able to stand and walk all day without pain and complains only that 
dancing makes his calf sore and causes his ankle to ache. His foot is distorted, however, and we feel certain 
that this man could not climb or run well; he had not been able to do all of his regular duties for ten months. 


H. B., roughneck. Although the patient returned to the oil field as a roughneck, wearing a walking cast, 
nine weeks after injury and thereafter never lost a day’s work, he continued to complain of daily pain, and the 


end result could not be called good. 


G. D., rig-builder. Roentgenograms of the bilateral fracture of the calcaneus of this patient showed a 
poor result in one foot, and it was two and one-half years before he could return to his regular work; in the 
interim he had worked as a carpenter. At thirty-five months, he was well pleased with his feet and said that he 
was without pain. One foot remains distorted, however, and the follow-up roentgenograms showed a poor 


anatomical restoration. 

One patient has been classified as having a poor result. 

A. S., refinery worker. Although the patient returned to light work in three and one-half months and 
worked regularly, he continued to complain of pain throughout the year, and arthrodesis was advised. The 
explanation can be seen in the roentgenogram (Fig. 5-B); the rotated fragment of the facet had not been 
adequately derotated, with the result that the two articular surfaces are not exactly apposed. (This was the 
second patient operated upon in the series, and the result in this case probably represents a technical error.) 


COMPARISON WITH OTHER SERIES 


It is of interest to compare this series of open reductions with the twenty-seven cases 
of arthrodesis reported by Geckeler. He reported 70 per cent. good results and 30 per cent. 
fair. An important difference, however, is that Geckeler describes a fair result as indicating 
“ability to walk with some discomfort but inability to return to regular work’’. In our 
series, every patient returned to work. The average time before the return to work of our 
fifteen ma'e patients was 3.64 months, as compared to 6.1 months for Geckeler’s patients 
treated by arthrodesis, of whom 30 per cent. were not working at all. 


SUMMARY 


Experiences with twenty open reductions for fractures of the calcaneus are reported, 
with follow-up studies on nineteen patients, averaging 21.7 months. Excellent or very good 
functional results were achieved in 68.4 per cent. of these patients. The low incidence 
of morbidity following surgery, the short hospitalization periods, and the early return to 
work were important features. The degree of excellence of the anatomical restoration of 
the entire contour of the calcaneus did not necessarily parallel the degree of excellence of 
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the functional result. The study suggests that restoration of a smooth weight-bearing 
articular surface is the main feature leading to a good end result. The authors feel that the 
Palmer method of treatment is far superior to other methods they have used, and they 
will continue to use it as standard treatment for fractures of the caleaneus requiring open 


reduction. 
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DISCUSSION 

Dr. Lovis H. Epmunps, SearrLe, WAsHincTon: When the report of Dr. Palmer’s new approach to this 
problem was first published, it was enthusiastically received. However, not every surgeon has been able to 
duplicate the good results reported by him or by Dr. Maxfield. They may have been able to obtain a foot that 
looked good in roentgenograms, but the clinical result often has been a stiff, “‘frozen”’ foot, with pain on 
weight-bearing; many surgeons were then quick to discard the method. Others, like Dr. Maxfield and our- 
selves, have continued its use, trying to correct its deficiencies and to see why it has failed in some instances. 

We feel that a good anatomical reduction can be accomplished by Palmer's method in properly selected 
cases. It seems axiomatic that the better the anatomical reduction, the better the functional results will be. 
If this is true, why has the method not been widely successful? 

There are several possible reasons for the failures: 

1. The fracture may be so badly comminuted that it is technically impossible to obtain a satisfactory 
reduction. One of Dr. Maxfield’s cases seems to illustrate this point. 

2. The plantar surface of the caleaneus may be so fragmented that it will not support the bone graft 
which, in turn, is to support the articular surface. It is like trying to put up a tent pole to support a tent in 
ground that gives way. Furthermore, it may produce a painful protrusion on the sole of the foot. Two of our 
patients had this, and one had to have the protrusion removed surgically. 

3. The bone graft may be driven in so far medially that it spreads the longitudinal split between 
the intact medial fragment and the depressed lateral fragment. Apparently this happened in one of Dr. Max- 
field’s cases; he corrected this by a horizontally placed bone peg. 

(Continued on page 155) 


THE JOURNAL OF BONE AND JOINT SURGERY 


P 
l 
l 
i 
| 
] 


THE DIFFUSION OF ANTIBIOTICS THROUGH THE SYNOVIAL MEMBRANE* 
BY CATALINO T. JOCSON, M.D., QUEZON CITY, PHILIPPINES 
From the Department of Orthopaedic Surgery, Jersey City Medical Center, Jersey City, New Jersey 


The use of antibiotics in infectious arthritis is now generally accepted and good results 
have been reported. Key", in 1951, emphasized their role in the management of acute 
hematogenous osteomyelitis and of pyogenic arthritis. Steindler stated that the use of anti- 
biotics in joint infection has ‘‘removed the condition from the group of dire emergency” 
and has made it possible for the surgeon to choose the optimum time for surgery. However, 
he cautioned against relying solely on antibiotics and he advocated early drainage before 
any destruction of the cartilage takes place. He reported cases in which joint destruction 
had occurred because of delayed drainage, even though antibiotics and other general 
measures had brought the condition under control. 

McAdam and his associates, in 1945, stated that normal synovial membrane is rela- 
tively impermeable to penicillin, although there is some evidence that it can reach the joint 
at an adequate bacteriostatic level in traumatic synovitis and in infective arthritis. Studies 
on the diffusion of penicillin into the joint fluid following its intramuscular administration 
were reported by Balboni and his coworkers in the same year. Hirsh and his associates 
studied the reabsorption of the drug following its intra-articular instillation. Shwachman 
and his associates claimed that ‘‘aureomycin, unlike penicillin and streptomycin, is dis- 
tributed rather uniformly throughout the body rather than being confined almost exclu- 
sively to extracellular fluid”’. Smillie advised local therapy in addition to the systemic use 
of antibiotics. He summarized his findings by stating that ‘‘the antibiotics are ancillary, 
not an alternative to good surgery’’. 

The question now arises as to which of the different antibiotics are able to penetrate 
through the synovial membrane into the joint cavity and in what quantities. Little is 
known about the mechanism of the passage of any material from the blood stream into the 
synovial fluid. If dye is injected intravenously, it will stain the synovial fluid. In patho- 
logical joint conditions with effusion, the sugar content of the fluid varies with the blood- 
sugar level. The Wassermann reaction of the fluid also corresponds to that of the blood. It 
appears that some of the substances in the blood can easily reach the joint cavity and that 
the synovial fluid is in close osmotic relationship with the blood. 

The origin of synovial fluid has not been definitely determined. Normal synovial fluid 
is neither a transudate nor an exudate. It is not a secretion, since there are no secretory 
glands in the synovial membrane. To gain a better understanding of how the synovial 
membrane is formed and why some substances can pass through it while others do not, it is 
necessary to review the histology and the physiology of the synovial membrane as de- 
scribed by Key"®. 

It was formerly believed that the synovial membrane was lined by a layer of epithe- 
lium, but the work of His on the primary germ layer disproved this. It was then held that 
the synovial membrane is lined by a mesothelial layer similar to the peritoneum, pericar- 
dium, and the pleura. However, Hueter, in 1866, showed that the joint cavities are not 
lined by a continuous layer of endothelial cells but rather by a cellular connective-tissue 
surface which is irregular and incomplete. While the general pattern remains the same, the 
character varies considerably in the different areas in the same joint, in different joints, 
and in the corresponding joints of different animals. He believed that the variation in the 
character of the membrane was an adaptation to different mechanical conditions and to 
the difference in the stress and strain to which a particular area is subjected. However, this 
* Read at the Meeting of the New Jersey Orthopaedic Society, Atlantic City, New Jersey, April 18, 1953. 
107 


VOL. 37-A, NO. 1, JANUARY 1955 


SES 
= 4 
< 
ve 


108 Cc. T. JOCSON 


view was not shared by Smillie, who believed that external mechanical factors alone cannot 
be responsible for the variability in structure. He believed that the polymorphism of the 
synovial lining is a specific property and that the formation of mucin is a physiological 
function of the synovial cells. Key'® described three types of synovial membrane, all of 
which may be found in the same joint. 

1. The areolar type constitutes the greater part of the synovial membrane. It is found 
wherever the membrane is not subjected to pressure or strain and where function of the 
joint requires movement of the surface of the membrane on the underlying tissue. The 
surface layer is a thin sheet of collagenous fibrous tissue in which are embedded the 
synovial cells, either partly or entirely beneath the surface; the thickness varies from a 
single layer to four layers. In disease, the membrane becomes thickened. 

2. The fibrous type covers the interarticular ligaments and tendons and is found in 
those areas which are subjected to more strain. It is less cellular, being composed mostly 
of dense collagenous fibers with some elastic fibers, and is closely adherent to the under- 
lying structures. 

3. The adipose type covers the fat pads. The structure is similar to that of the areolar 
type, except that it rests directly on the fat tissue rather than on the loose subsynovial 
areolar tissue. 

The synovial cells vary in shape, depending on their location. They contain no secre- 
tory granules, Golgi apparatus, or cannaliculi. In both fresh and stained preparations, some 
cells show clear vacuoles, the contents of which do not stain in either the fixed or the supra- 
vital-staining preparations. It is possible that these vacuoles contain mucin which is re- 
leased into the joint fluid. Some of the cells contain tiny fat granules. 

The synovial membrane as a whole is richly supplied with blood vessels, the fibrous 
type having less than the other types. The blood vessels penetrate all but the smallest villi, 
the larger ones being extremely rich in blood supply. 

The lymphatic system is less well understood. Fluid forced out from the joint cavity, 
either by pressure or through the pumping action of joint motion, does not enter into 
definite lymphatic vessels but rather into tissue spaces. Tillmanns, in 1876, injected the 
lymphatic vessels of horses and cattle and described a double network of lymphatic vessels 
in the synovial membrane. This network consisted, according to his studies, of a superficial 
and a deep layer anastomosing with each other by means of fine lymph capillaries. How- 
ever, this description has been rejected by other workers. It is also an open question 
whether the joint cavity is connected with the lymphatics by means of stomata. Synovial 
fluid, erystalloids, and fine colloids pass from the joint cavity into the blood stream. If dye 
is injected into the joint cavity, most of it is apparently absorbed into the blood stream 
and a lesser amount into the lymphatics, since the regional lymph nodes are only slightly 
stained. Larger particles are removed by phagocytic action. 

Guerra, in 1946, stated that the ground substance in the synovial membrane and in 
the synovial fluid consists entirely of hyaluronic acid and of chondroitin sulphuric acid 
which, when hydrolyzed, produces a decrease in the viscosity of the synovial fluid and an 
increase in the permeability of the synovial membrane. Ragan and Meyer stated that 
hyaluronic acid is synthesized by polymerization of polysaccharides; it is produced by the 
connective tissue from a disaccharide precursor formed in the liver. In certain diseases 
there is a failure on the part of the connective tissue to complete the synthesis of the higher 
polysaccharides, resulting in pooling of a low polymer hyaluronate which contributes to the 
formation of granulation tissue. Robertson and his associates isolated a bacterial enzyme 
which hydrolyzes synovial mucin, causing a decrease in the viscosity of the fluid. They 
called it ‘‘mucinase’’. Seifter and his coworkers studied the permeability of the synovial 
membrane by instilling phenolsulphonphthalein into the joint space and then measuring 
the speed of absorption and excretion of the dye into the urine. They found a marked in- 
crease in permeability of the membrane when either hyaluronidase or desoxycorticosterone 
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TABLE I 


Resutts FoLttowinG INTRAMUSCULAR INJECTION OF PoTasstuM PENICILLIN G 


Age of Patient Pathological Condition Dosage Drug Level in Fluid 
(Years) (Units) (Units per Cubic Centimeter) 
50 Chronic synovitis 500,000 0.5 
76 Chronic synovitis 500,000 2.0 
67 Traumatic effusion 500,000 2.0 
82 Traumatic effusion 300,000 0.4 
33 Congestive effusion 300,000 0.128 


acetate was instilled into the joint together with the dye; the effect in either case was maxi- 
mal and could not be augmented by the other. On the other hand, if adrenal cortical ex- 
tract was used instead, there was a decrease in permeability; thus they concluded that the 
permeability of the synovial membrane is in part controlled by hormonal balance. 

From the foregoing it appears that the synovial membrane is a semipermeable mem- 
brane through which water and fine molecules in solution can pass freely from the blood 
stream into the joint cavity and vice versa. The viscosity of this fluid is increased by 
hyaluronic acid synthesized by connective tissue and by the mucin produced by the 
synovial cells. Since the viscosity of the fluid and the permeability of the synovial mem- 
brane vary with the amount of hyaluronic acid present, any condition which will alter its 
concentration, either by a decrease in the rate of synthesis or by an increase of autolysis, 
will change the physiology of the membrane. The disturbance in physiology may make the 
allowance for the passage of larger molecules through the membrane. A shift in the 
hormonal equilibrium resulting in a relative increase of the desoxycorticosterone acetate 
will give the same effect. 

The present investigation was undertaken to determine which of a number of anti- 
biotics pass into the synovial fluid; the purpose of this work being to establish a rational 
therapy in pyogenic arthritis. Since no fluid was obtainable from normal joints, studies on 
such could not be performed. The synovial fluid used for this study was obtained from 
‘ases of genicular hydrarthrosis of an inflammatory or traumatic nature. Unfortunately, 
cases of pyogenic arthritis, for which the use of antibiotics is intended, were not available. 
Synovial-fluid analyses were performed at the Jersey City Medical Center, Department of 
Laboratories. Biological assay, by use of a young culture of a highly susceptible micro- 
organism, was the analytical method employed. Serial dilution was used to determine 
concentration of the drug whenever there was any evidence of antibiotic activity by the 
specimen of synovial fluid. The dosage for each drug, the route of administration, the time 
interval between drug administration and aspiration of the specimen from the knee, and 
the results of analysis of the synovial fluid follow. 


Potassium Penicillin G 

Aqueous solution of potassium penicillin G in different doses was administered in five 
cases of genicular hydrarthrosis. Three hours later, the synovial fluid was aspirated and 
tested for the presence of the drug. The first three patients were given a single dose of 
500,000 units, while the last two were given 300,000 units. Results showed a drug level in 
the fluid approximately proportional to the dosage administered. However, of the three 
patients given a dose of 500,000 units, there was a variation in the drug level from 0.5 to 
2.0 units per cubic centimeter of fluid. This range of variation is too great to be explained 
by a difference in the level of the drug in the blood alone. It would seem that there must 
be a difference in the permeability of the synovial membrane in different subjects which 
permits the passage of greater quantities of the drug in some and of smaller quantities in 


others. 
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TABLE II 


Resutts FoLtLow1nG INTRAMUSCULAR INJECTION OF PROCAINE PENICILLIN G * 


Age of Patient Pathological Condition No. of Days Drug Level in Fluid 
(Years) (Units per Cubic Centimeter) 
24 Traumatic effusion : None 
67 Traumatic effusion None 
67 Traumatic effusion None 
66 Chronic synovitis None 
18 ** Traumatic effusion 20 0.5 


* All patients received 300,000 units twice daily for the number of days indicated. 
** The patient had received 100,000 units of potassium penicillin G every three hours for two days 
previous to therapy with procaine penicillin G. 


Procaine Penicillin G 

Five cases were studied; the patients had been receiving 300,000 units of procaine 
penicillin G twice daily for a period varying from three to twenty days. 

The first specimen was obtained from the knee joint of a patient who had been 
receiving intramuscular injections of 300,000 units of procaine penicillin G twice daily for 
ten days. Surprisingly, there was no evidence of penicillin in the fluid. Thus, more cases 
were studied to determine whether the foregoing result might not be due to some technical 
error. In all cases except one, the results were negative for the presence of penicillin in the 
fluid. 


Streptomycin Sulphate 

Four cases of hydrarthrosis of the knee were studied for the presence of streptomycin 
in the synovial fluid following the administration of the drug. Half of the total dose was 
given in the evening and the other half the next morning. Three hours later the fluid was 
aspirated and tested. 

The first patient studied was given one gram of streptomycin twice, with a twelve- 
hour interval. Three hours after the last dose, the knee was aspirated; analysis showed a 
drug level of twelve micrograms per cubic centimeter of fluid. Since such a large dose is 
seldom used clinically, the usual therapeutic dose of 0.5 gram was given instead to the next 
three patients. The results showed no evidence of streptomycin in the synovial fluid. The 
single positive case may have been due either to the large dose given or to an increased 
permeability of the synovial membrane, or to both conditions. 


Aureomycin Hydrochloride 

Six patients were given 250 milligrams of aureomycin hydrochloride by mouth every 
four hours for four doses, that is, a total dose of one gram. This dose is considered to be 
adequate to maintain a therapeutic blood level; increasing the dose does not produce a 
proportionate elevation of the concentration in the blood, as there are certain factors 


TABLE III 


Resutts FottowinG INTRAMUSCULAR ADMINISTRATION OF STREPTOMYCIN SULPHATE 


Age of Patient Pathological Condition Dosage Drug Level in Fluid 
(Years) (Grams) (Micrograms per Cubic Centimeter) 


78 Traumatic effusion 2 12 
15 Traumatic effusion 1 None 
33 Congestive effusion l None 
1 


32 Chronic synovitis None 
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TABLE IV 


Resutts FOLLOWING ORAL ADMINISTRATION OF AUREOMYCIN HyDROCHLORIDE 


Age of Patient Pathological Condition Dosage Drug Level in Fluid 
(Years) (Grams) (Micrograms per Cubic Centimeter) 


38 Traumatic effusion 10 to 12 
18 Chronic synovitis Trace 
30 Traumatic effusion None 
17 Traumatic effusion None 

Chronic synovitis None 
16 Traumatic effusion None 


which limit the ability of the intestinal mucosa to absorb more of the drug. The fluid was 
obtained four hours after the last dose. The results of the test are shown in Table IV. 

Four specimens showed no evidence of the drug; one had a trace, the amount being 
insufficient to determine the concentration; another showed a level of ten to twelve micro- 
grams of aureomycin hydrochloride per cubic centimeter of fluid. The positive result was 
in a man, thirty-eight years old, who had twisted his knee one week before the test. The 
fluid obtained was frankly bloody, but there was no evidence of actual bleeding. The 
specimen showing a trace of the drug was obtained from a patient who had recurrent effu- 
sion of the knee with no history of recent acute trauma. 


TABLE V 


Resutts FoLtowiInG ORAL ADMINISTRATION OF TERRAMYCIN HypDROCHLORIDE 


Age of Patient Pathological Condition Dosage Drug Level in Fluid 


(Years) (Grams) 

Trace 
Trace 
Trace 
None 


51 Chronic arthritis 1.0 
31 Traumatic effusion 

29 Chronie arthritis 

68 Traumatic effusion 


Terramycin Hydrochloride 
The procedure followed was similar to that used for aureomycin hydrochloride. Four 
cases were studied; three showed traces of the drug in the synovial fluid, while the fourth 


case was negative. 
Chloramphenicol 


The experimental procedure was the same as in the two foregoing drugs. Four cases 
were studied; two specimens were negative, while two showed a trace of the drug in the 


fluid. 
TABLE VI 


Resutts FOLLOWING ORAL ADMINISTRATION OF CHLORAMPHENICOL 


Pathological Condition Dosage Drug Level in Fluid 


Age of Patient 
(Grams) 


(Years) 


56 Traumatic effusion é None 
45 Traumatic effusion None 
67 Traumatic effusion , Trace 
58 Traumatic effusion ; Trace 
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DISCUSSION 

Of the different antibiotics studied, only potassium penicillin G was consistently 
found in the synovial fluid in appreciable amounts. Biological assay provided no way to 
determine whether the other drugs were able to pass through the synovial membrane in an 
inactivated form. This makes little practical difference, however, since the drug would 
have no therapeutic value in that case. In a few cases, the other drugs were found in the 
fluid in varying amounts, suggesting that there may be some individual differences in the 
permeability of the synovial membrane. These facts, together with the indiscriminate 
choice of antibiotics, may explain the conflicting results obtained in the treatment of 
pyogenic arthritis, so that early and adequate drainage becomes necessary. 

Since the dosage of procaine penicillin G used in the experiment is considered to be 
adequate to maintain an almost constant blood level, the absence of penicillin in the fluid 
can be attributed only to its failure to pass through the barrier of the synovial membrane. 
The single patient with a positive result had a surgical procedure performed on his knee 
three weeks previously and had received 100,000 units of aqueous solution of potassium 
penicillin G every three hours for two days, followed by 300,000 units of procaine penicillin 
G twice daily for the next twenty days. This raises the question whether the drug in the 
fluid was the residuum from the potassium penicillin G previously given or from the pro- 
caine penicillin G given later. If the residuum was from the potassium penicillin G, the 
question arises as to how long the drug remains in the synovial fluid after its administration. 
Balboni and his associates studied the level of penicillin in the serum and in the synovial 
fluid at different intervals following an intramuscular administration of from 25,000 to 
40,000 units. They found that the maximum level in the fluid persists longer than in the 
serum, but that the drug did not tend to accumulate in the joint fluid. Hirsh and his 
associates found that, when the drug was given parenterally, it could be detected in some 
cases in the synovial fluid as early as fifteen minutes after injection and that its concen- 
tration in the fluid was up to 50 per cent. greater than in the serum. The diffusion of the 
drug into the joint fluid was not significantly altered by the body temperature, for in only 
two of six patients was there a slight increase in the amount of penicillin exchanged 
between joint fluid and blood. They also injected from 30,000 to 200,000 units of penicillin 
into the joint cavities and found the drug to be present for as long as twenty-four to 120 
hours. In the case under discussion, it is possible that, since the molecules of potassium 
penicillin G can pass freely through the synovial membrane while the procaine penicillin 
G molecules cannot, an osmotic equilibrium was established between the potassium 
penicillin G molecules in the fluid and the procaine penicillin G molecules in the blood 

In tuberculosis of the joints, good results with the use of streptomycin alone or in 
conjunction with para-aminosalicylic acid have been reported. Of twenty-one cases of 
tuberculosis involving the freely movable peripheral joints, DeRoy and Fisher reported 
good painless motion in eleven treated by adequate drainage coupled with streptomycin 
therapy; there was no reactivation of infection. Harris and associates were impressed by 
the good results obtained in two tuberculous hips and one case of tuberculous synovitis of 
the knee complicated by miliary tuberculosis of the lung treated by streptomycin and 
para-aminosalicylic acid. They concluded that early treatment with adequate doses of these 
two drugs for a prolonged period offers real hope of cure in tuberculosis of bones and 
joints. However, Smith, in discussing the report of the Public Health Service Coopera- 
tive Investigation on the evaluation of streptomycin therapy, cited three cases of synovial 
tuberculosis of the knee which were treated by complete synovectomy combined with the 
use of streptomycin. The results were absolute failure in two cases, while in the third case 
the disease appeared to be brought under control, at least temporarily. Regarding the use 
of chemotherapy in bone and joint tuberculosis, Ghormley stated that ‘“‘The hope that, 
with early diagnosis and early treatment by means of streptomycin, joints could be sal- 
vaged and extensive destruction prevented has not been realized’”’. 
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TABLE VII 


Mo.ecuLaR WEIGHTS OF THE ANTIBIOTICS IN THIS Stupy 


Antibiotic Molecular Weight 


Chloramphenicol 323.14 
Potassium penicillin G 372.47 
Terramycin hydrochloride 455. 
Aureomycin, free base 481. 
Aureomycin hydrochloride 517. 
Procaine penicillin G 588. 
Streptomycin sulphate 1,136. 


These conflicting results may be due to the failure of the drug to reach the joint 
cavity in sufficient concentration. If the infection is confined to the synovial membrane 
only, which is richly supplied with blood vessels, streptomycin may be able to control the 
disease. If the infection involves the joint itself, the antibiotic will not be able to reach 
it, and it becomes necessary to inject the drug directly into the joint cavity to supplement 
its systemic use. Ahern and Arden used this method and obtained good results in eight of 
ten cases of synovial tuberculosis. They injected one gram of the drug into the joint 
cavity twice a week for ten to twenty-two doses. 

Neither aureomycin nor terramycin passes freely through the synovial membrane, but 
both have been found to be of value in the management of pyogenic arthritis. We are 
therefore safe in assuming that both drugs protect the membrane from further damage 
and so prevent the spread of infection into the blood stream. The infection is thus confined 
inside the joint cavity, which, if drained early, may escape destruction. There is no avail- 
able report concerning the use of chloramphenicol in pyogenic arthritis, but, since it does 
not diffuse freely into the synovial fluid, its effects would probably be similar to those of 
aureomycin and terramycin. 

To explain the difference in the permeability of the synovial membrane to the various 
antibiotics, the results obtained in the experiment were correlated with the size of the 
molecules or with the molecular weight of each substance, as shown in Table VII. Since 
these drugs are biological products and may contain more than one substance, their 
molecular weights may vary, although there is an accepted chemical formula for each. 
Only chloramphenicol has a definite structural formula and a constant molecular weight. 

From Table VII it is evident that chloramphenicol and potassium penicillin G have 
the smallest molecular weights. If the synovial membrane allows the passage only of 
substances of small molecular weights, the expectation would be that chloramphenicol 
would be present in the synovial fluid in all cases and in the largest concentration. How- 
ever, this was not confirmed by the results of this experiment. Since the drug was given by 
mcuth, it is possible that in its passage through the gastro-intestinal tract the molecules 
had been conjugated with another substance such as a protein, or that two chloram- 
phenicol molecules united. It would be interesting to find out whether chloramphenicol 
would pass through the synovial membrane if given parenterally. Unfortunately, there is 
at present no preparation for parenteral use. 


SUMMARY 


Twenty-eight samples of synovial fluid were analyzed for the presence of different 
antibiotics following their administration as specified. Unfortunately, no determination of 
the drug levels in the blood was done at the same time as the synovial-fluid examination, and 
it is possible that in some instances adequate concentration of the drug was not present in 
the blood to permit its diffusion into the joint fluid. In the dosage given, which is claimed 
by its manufacturer to be adequate, only the aqueous solution of potassium penicillin G 


VOL. 37-A, NO. 1, JANUARY 1955 


. 
d 
| 113 
€ 
: 
j 
3 
| 
| 


114 Cc. T. JOCSON 


was found consistently in the fluid tested, while the other drugs were present in small 
amounts in some cases or not at all. Since the synovial membrane is semipermeable, 
allowing the passage of true solutions of small molecules, both chloramphenicol and 
potassium penicillin G, whieh have the smallest molecular weights, should have been 
present in the fluid of all cases tested. However, it has been demonstrated that chloram- 
phenicol did not pass freely; this may be due either to changes in its molecular structure 
as it passes through the gastro-intestinal tract, or to the fact that molecular weights have 
no effect on the diffusion of substances through the synovial membrane. The results of this 
study showed no difference in the permeability of the membrane in the different age 
groups. Neither a history of recent acute trauma nor chronic inflammation had any 
definite effect. on the permeability of the synovial membrane. 

The antibiotic of choice in the management of pyogenic arthritis is potassium 
penicillin G, provided the organisms are penicillin-sensitive; the other antibiotics are of 
value only in preventing the spread of the infection into the blood stream. 

Nore: For Table VII, the data on aureomycin were supplied by the Lederle Laboratories Division, 
American Cyanamid Company. Parke, Davis and Company provided the information concerning chloram- 
phenicol, potassium penicillin G, and procaine penicillin G. The molecular weight of terramycin hydrochloride 
was computed from the structural formula supplied by Chas. Pfizer and Co., Inc., while that of streptomycin 
sulphate was computed from the accepted structural formula of New and Nonofficial Remedies 1951, Council 
on Pharmacy and Chemistry of the American Medical Association. 
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INCARCERATION OF THE FIRST SACRAL NERVE IN A LATERAL BONY 
RECESS OF THE SPINAL CANAL AS A CAUSE OF SCIATICA 


BY PHILIP T. SCHLESINGER, M.D., GLENS FALLS, NEW YORK 
From The Glens Falls Hospital, Glens Falls 


The purpose of this paper is to describe a bony recess in the spinal canal at the level 
of the fifth lumbar and first sacral vertebrae, to discuss its possible clinical significance in 
the causation of sciatic pain, and to relate this to the general problem of root compression 
in the lower lumbar region. Normally a bony recess exists at the level of the fifth lumbar 
and first sacral vertebrae medial to the intervertebral foramen, the posterior wall of 
which is formed by the superior articular process of the sacrum and the anterior wall by 
the fifth lumbar dise and vertebral body. In certain subjects this recess is considerably 
deeper, the posterior wall extending toward the mid-line. When the first sacral nerve 
becomes incarcerated in this recess, compression results, with consequent production of 
sciatic pain. So far as we are aware, the presence of a deep recess in this area and its role 
in the compression of the first sacral nerve have not been previously described. 


ANATOMICAL CONSIDERATIONS 


The arrangement of the articular processes at the level of the fifth lumbar and first 
sacral vertebrae is different from that found at the levels above, although at the level of 
the fourth and fifth lumbar vertebrae it may be somewhat similar. At the level of the 
fifth lumbar and the first sacral vertebrae, instead of the usual relationship found in the 
upper lumbar vertebrae, in which the articular processes in the sagittal plane lie almost 
parallel to each other on both sides, considerable variation is found. The arrangement of 


the articulation of the fifth lumbar and the first sacral vertebrae is rather curved, the 
anterior portion lying at or nearly in the frontal plane and the lateral portion lying in the 
sagittal plane. In many cases the arrangement varies on the two sides, the joint lying 
mainly in the frontal plane on the one side and mainly in the sagittal plane on the other. 
This was well illustrated by Badgley and by Horwitz and Smith. In a number of cases 
both joints may lie almost entirely in the frontal plane. The portion of the articular 
process of the sacrum which lies in the frontal plane extends a variable distance toward 
the mid-line and forms the posterior wall of a recess, the anterior wall of which is the fifth 
lumbar dise and the body of the fifth lumbar vertebra (Fig. 1). The width, height, and 
depth of this bony recess vary considerably. There has been speculation as to the relation- 
ship between the arrangement of the articular processes at the level of the fifth lumbar and 
the first sacral vertebrae and instability of the fifth lumbar vertebra as a possible cause of 
backache * and even as a predisposing factor in herniation of the fifth lumbar disc. A 
further implication of this bony arrangement at the level of the fifth lumbar and first 
sacral vertebrae deserves recognition as a direct cause of sciatica by bony pressure on the 
first sacral nerve. 

Normally the first sacral nerve in its extrathecal course diverges only slightly from 
the dura as it crosses the fifth lumbar disc and passes over to the sacrum. In the two cases 
to be presented the first sacral nerve was found far laterally, deep in the bony recess and 
tightly wedged, so that it could be extricated only with the greatest difficulty. In neither 
case was there evidence of a herniated disc and in neither case was the disc removed. 

In this paper compression of the fifth lumbar nerve in the intervertebral foramen 
will also be discussed, because it is felt that the mechanism of compression in principle 
is similar and that the lateral bony recess may be considered as a medial extension of 
the foramen. 
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INCARCERATION OF THE FIRST SACRAL NERVE 


| 


Fia. 3-A 3-B 
Fig. 3-A: The drawing shows the right lateral recess as seen from the left. The inferior articular 
»rocesses, the spinous process, and most of the lamina of the fifth lumbar vertebra have been removed. 


he dura is not shown. 
The dise height is normal and the recess is ample. The first sacral nerve is far from the sacral articular 


process; it lies on the body of the fifth lumbar vertebra and the fifth lumbar disc. 

Fig. 3-B: Similar view of the same area with a collapsed fifth lumbar disc. The recess is markedly 
contracted and the first sacral nerve is pinched between the articular process of the sacrum and the 
hypertrophic rim along the inferior border of the body of the fifth lumbar vertebra. 


CASE REPORTS 


Case 1. W. W., forty-nine years old, a junior executive in a large industrial concern, was admitted to 
The Glens Falls Hospital on June 9, 1950, complaining of excruciating pain in the left lower extremity. In 
1942 he had had fairly severe pain in the left buttock and had received diathermy for about six weeks. The 
pain then cleared up and he had no further difficulty until 1946, when the pain in the left buttock recurred, 
with radiation down the posterior aspect of the thigh as far as the knee. The pain thereafter never cleared up 
completely despite diathermy, osteopathic and chiropractic treatments, and later the use of a brace. In 
1947 the pain became much more severe, with further extension of the radiation down the left calf into the 
lateral border of the foot. After the use of a brace in 1947 for about eight months, pain in the left lower 
extremity became fairly mild and quité tolerable until 1950, although the patient stated that he had had 
to guard himself very carefully and to avoid physical activity, especially lifting. Early in 1950 pain again 
became more severe. On this occasion the patient stated that he was unable to wear the brace because it made 
his pain worse. About five weeks before admission, pain became excruciating in the left lower extremity and 
he indicated the left buttock, posterior aspect of the thigh, lateral portion of the left calf, the left ankle, 
and the foot as far as the styloid process of the fifth metatarsal as the site of his pain. He described this pain 
as tingling in character and stated that, when he stretched his leg out, it felt as though he ‘were pulling on 
a rubber band”. He remembered no pain in the back at any time. Pain in the left lower extremity was 
aggravated on coughing. 

On examination the patient appeared to be a healthy, normally nourished man, who undressed and 
got up on the table without difficulty. There was flattening of the lumbar spine to such an extent that there 
was some reversal of the normal lumbar lordosis. Flexion was normal. Extension did not reverse the kyphosis. 
Tilt to the right was normal. Tilt to the left was slightly restricted in the lumbosacral area. Very mild point 
tenderness was present over the lumbosacral joint in the mid-line and also to the left of this area. Straight- 
leg-raising on the right was normal; on the left it was possible to 90 degrees, but the patient complained of a 
pulling sensation in the hamstrings and calf. The right ankle jerk was normal. The left was absent even on 
reinforcement. On sensory examination there was a band of hypo-algesia extending along the lateral aspect 
of the calf from the knee to the ankle into the foot along the lateral malleolus and lateral aspect of the tarsus. 

Roentgenograms of the lumbosacral spine revealed marked thinning of the fifth lumbar dise with 
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retrodisplacement of the fifth lumbar body on the sacrum 
(Fig. 4-B). 

Skin traction was applied to both lower extremities for 
nine days and very slight improvement resulted. The patient 
wished to go home, so that he could be present at his son’s 
graduation from high school and he was discharged. The 
pain was so excrucisting, however, that he was readmitted 
to the Hospital two days later and on the following day 
operation was performed. Myelography was not carried out 
because it was believed that this was a definite case of 
herniation of the fifth lumbar dise on the left. 

At operation the spinal canal was entered on the left 
at the fifth lumbar interspace. On inspection the canal ap- 
peared clear. There was a normal-appearing theca and no 
dise protrusion could be seen. The first sacral nerve, how- 
ever, could not be seen; after considerable exploration it was 
located laterally, in a bony recess between the articular 
process of the sacrum and the body of the fifth lumbar 
vertebra. It was wedged into the recess very tightly and it 
was only with the greatest difficulty that it could be extri- 
cated with a narrow-edged dura retractor. A large section of 
the inferior articular process of the fifth lumbar vertebra and 
of the articular process of the sacrum was then cut off with 
an osteotome and the recess was eliminated (Fig. 4-C). 
Despite the fact that this apophyseal joint was largely de- 
stroyed, no spine fusion was carried out. It was felt that there 
was already a firm fibrous ankylosis at the anterior joint, 
since no motion could be demonstrated at the time of opera- 
tion. No dise protrusion was found and, in fact, all that 
remained of the posterior dise was a thin, firm, very slightly 
elevated line which could not be entered even with the small 
curette. The postoperative course was uneventful and the 
patient was discharged from the Hospital in nine days. He 
has continued to be very well and has been symptom-free 
for more than three years. He has no restriction of activities 
and does not wear a back support. 


INCARCERATION OF THE FIRST SACRAL NERVE 


Case 2. F. V., a male, aged fifty-five, was first seen on July 6, 1950. He gave a history of injury in May 


Fia. 5 

Case 2. Lateral roentgenogram, showing 

slight thinning of the third, fourth, and 

fifth lumbar discs, with hypertrophic 
changes. 


1945 when he experienced severe pain in the back on lifting a sixty-pound weight. He was hospitalized for 
three weeks at that time and remained in bed at home for seven or eight weeks longer. He had been unable 
to do any work since that time because of pain in the left lower back. There had been no radiation into the 
lower extremities. He was finally awarded a lump-sum settlement in compensation and moved to northern 
New York State. He bought his wife a restaurant and did a little light work in helping her. 

There had been a history of previous injury in 1941 when he had experienced a sudden pain in the left 
lower back while hanging a door. He was confined to bed in the plant infirmary at that time for a week and 


then returned to work. 


The examination when he was first seen in 1950 revealed few abnormal findings. Flexibility of the spine 
was almost normal. Mild percussion tenderness was present over the spinous process of the fifth lumbar 
vertebra and straight-leg-raising on both sides was to just 90 degrees. On the left, however, the patient com- 
plained of some pain in the mid-line of the lower back. The knee jerks were equal and active. The right ankle 
jerk was present on reinforcement but was less strong than the left. Sensory examination of the lower ex- 


tremities failed to reveal hypo-algesia or hypo-aesthesia. 


Roentgenograms of the lumbosacral spine revealed spur formation at the anterior margins of the oppos- 
ing borders of the third, fourth, and fifth lumbar vertebral bodies. There appeared to be some narrowing 


of the third, fourth, and fifth lumbar discs (Fig. 5). 


When he was seen about five months later he stated that pain in the back had remained essentially 
unchanged. In the last several days, however, he had also begun to complain of pain radiating into the left 
buttock and he stated that the pain was worse when he walked. Examination of the spine at that time 
showed no deformity. Aside from mild restriction of forward flexion, the spine was normally flexible. Mild 
tenderness was present over the lumbcsacral interspace in the mid-line and also over the left greater sciatic 
notch. Straight-leg-raising was possible on both sides to 90 degrees, with pain referred to the lumbosacral 


interspace in the mid-line. The right ankle jerk was absent, but the left was normal. The knee jerks were 
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Fig. 6-A: Schematic drawing 
showing the normal position of the 
lateral recess when the articular 
process of the sacrum lies in the 
frontal plane. 

Fig. 6-B: Showing narrowing of 
the lateral recess when the articular 
process of the sacrum lies in the 
frontal plane and the fifth lumbar 
dise becomes thinned through de- 
generation. 

Fig. 7-A: Schematic drawing out- 
lining the width of the normal inter- 
vertebral foramen when the articu- 
lar process of the sacrum is of the 
sagittal type. 

Fig. 7-B: Showing narrowing of 
the fifth lumbar intervertebral 
foramen in the presence of degen- 

— — erative disease of the fifth lumbar 
Fic. 6-A Fic. 6-B dise and thinning of the disc. 


Sa ene | equal and active and sensory ex- 
| amination was again negative. 

There was no evidence of impair- 
| ment of the extrinsic muscles of the 
feet. 

Because of the long history of 
| pain and disability and despite the 

| relative paucity of signs, the pa- 
| tient was admitted to The Glens 
| Falls Hospital. Myelography was 
carried out on November 21, 1950, 
| under the direction of the roent- 
genologist, Dr. Richard C. Batt. 
The findings were completely nor- 
mal and the patient went home 

shortly thereafter. 
———— The patient was observed at 
Fig. 7-A Fic. 7-B intervals and the pain fluctuated. 
Occasionally the lumbar spine 
showed definite flattening and restriction, but usually flexibility was fairly good. At examination on August 
6, 1951, the patient for the first time complained of pain radiating into the right buttock and stated that his 
activities had been even more restricted than previously. At that time his spine showed a double scoliotic 
curve, with the convexity to the left in the lower thoracic and upper lumbar regions and to the right in the 
lumbosacral region. There was a moderate list to the left. There was some reversal of the usual lumbar 
lordosis. Tilt to the left was slightly restricted; that to the right was markedly so and was painful. Straight- 
leg-raising on the left was normal, whereas on the right it was considerably restricted and painful. The knee 
jerks were equal and active. The left ankle jerk was normal; the right was absent. Sensory examination of 

the lower extremities was again negative. 

At this time we became convinced that the patient had some type of root compression, probably 
at the fifth lumbar level. He was readmitted to the Hospital and operation was performed on September 18, 
1951. The spinal canal was entered at the right fifth lumbar interspace. The canal appeared quite clear, with 
a smooth dise surface and a normal-appearing theca which retracted easily. The first sacral nerve could not 
be seen, but after some inspection it was found lying in a narrow lateral recess between the body of the 
fifth lumbar vertebra and the articular process of the sacrum. It was wedged in quite tightly and was extri- 
cated only with considerable force, again by means of a narrow-edged dura retractor. A large section of the 
superior articular process of the sacrum was removed with an osteotome and a mallet. The root was then 
seen to lie freely in its normal position. A similar exploration was carried out on the left side at the same 
level. The findings were identical and the identical procedure was carried out. 

In this case a spine fusion of the Hibbs type was performed between the fifth lumbar vertebra and the 
sacrum, because of the instability which had resulted from the partial destruction of the posterior joints and 
because of the fact that considerable motion remained between the fifth lumbar vertebra and the sacrum. 
The postoperative course was uneventful and the patient was discharged from the Hospital, wearing a brace, 
on November 3, 1951. 

The patient continued to be well and subsequent roentgenograms showed an apparently solid fusion 
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of the fifth lumbar vertebra to the sacrum. Pain in the buttocks and low back disappeared following surgery 
and, when he was last seen, on May 6, 1953, the patient was symptom-free except for the complaint of mild 
aching pain to the right of the second lumbar vertebra after he “had been up on his feet for a length of 
time and became tired”. Examination at that time showed no tenderness over the back or buttocks. Forward 
flexion of the lumbar spine was only mildly restricted, with incomplete reversal of the lumbar curve, and 
hyperextension was somewhat restricted; neither motion was painful. Tilt to either side also was restricted 


in the lower lumbar region. Straight-leg-raising was possible on both sides to past 90 degrees without pain. 
The knee jerks were equal and active. The right ankle jerk was absent even on reinforcement. The left was 
hypo-active. The patient appeared to be very happy about the result. He had not gone back to heavy work, 
although he had been quite active around his own restaurant. 


REVIEW OF THE LITERATURE 


The lesions which may cause pain in the low back with sciatic radiation are many. 
Cases have been described with congenital defects, as well as cases of neoplastic, arthritic, 
infectious, or metabolic origin. However, ever since the classic paper of Mixter and Barr 
in 1934, herniation of the lower lumbar dises with compression of the involved nerve root 
has been recognized as the most common cause of sciatica. The large number of published 
reports of operations for this condition since publication of that article indicates the 
increasing extent to which the condition has been recognized. Other causes of compression 
of the lower lumbar roots have recently been recorded. Ethelberg and Riishede have 
described malformation of the lumbar spinal roots and sheaths in the causation of low- 
back pain and sciatica. In a recent monograph by Tarlov, cysts of the sacral nerve roots 


have been established as another cause. 

Compression of the lumbar nerves within the intervertebral foramina by lateral 
herniation of a dise or by pinching of the nerve between the bony walls of the foramen 
has been described in isolated papers. Danforth and Wilson, in a clear anatomical demon- 
stration in 1925, showed that the fifth lumbar nerve is relatively large and the inter- 
vertebral foramen through which it emerges relatively small. Larmon in ten autopsy 
specimens found four with narrowed, degenerated fifth lumbar dises and narrowing of the 
fifth lumbar foramen with compression of the fifth lumbar nerve. In 1932 Williams 
described the mechanism of closure of the fifth lumbar foramen by subluxation of the 
involved facets after collapse of the fifth lumbar disc. He also showed that backward 
displacement of the fifth lumbar vertebra took place in many of these cases and stated 
that subluxation occurred only when the posterior articulations lay in the frontal or 
oblique planes, but not when they lay in the sagittal plane. The correlation between 
facets lying in the frontal plane and backward displacement of the fifth lumbar vertebra 
was discussed by Hibbs and Swift in 1929; these authors attributed instability of this 
joint to such a factor. Fletcher in 1947 showed that backward displacement of the fifth 
lumbar vertebra in degenerative disease of the fifth lumbar dise with thinning of the dise 
must take place in the presence of facets lying in the frontal plane, because these facets 
also lay in the plane directed downward and backward. Hadley in 1936 demonstrated that, 
when dise degeneration with thinning of the dise takes place in the thoracic or upper lumbar 
regions, a kyphos is usually produced, because ‘‘the posterior articulations do not slip 
past each other’. Thinning of the dise in the lower lumbar region, however, ‘usually 
produces a subluxation of the apophyseal or posterior articulations”’. 

Surgical exposure of the intervertebral foramen is a relatively recent development. 
Facetectomy was performed by Putti and was first reported by him in 1927. Facetectomy 
was reported in a single case by Williams and Yglesias and also by Mitchell. In a series of 
thirty-five facetectomies reported in 1945, Briggs and Krause demonstrated that the 
operation is quite feasible and the results in selected cases are satisfactory. In their series 
they found twenty-two cases in which there was diminution of the foraminal space 
secondary to diminution of the intervertebral disc. 
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PATHOLOGICAL CONSIDERATIONS 


Recent pathological studies, such as those by Coventry, Ghormley, and Kernohan, 
place greater emphasis on progressive degenerative processes in the intervertebral discs 
and it is considered that even in younger persons degenerative lesions predispose to the 
posterior protrusions which may occur with acute trauma. In addition, as was pointed out 
by Lindblom and Hultqvist, healing both in the degenerative lesions within the dise and 
of the extruded material posteriorly takes place not so much by fibrosis as by absorption. 
This would account for the fact that, in patients with a long history of pain, at operation 
the surgeon will frequently find only a small remnant of fibrotic tissue, which is all that 
remains of the original protrusion; this remnant is usually adherent to the involved 
spinal nerve. Certainly in older patients it is most unusual to find a large amount of 
extravasated disc material in the spinal canal. In this group posterior protrusions are 
probably not so common as the degenerative lesions of the lower lumbar discs without 


posterior protrusions. 

When there is degenerative disease of the lower lumbar region, it should not be sur- 
prising to find compression of either the fifth lumbar nerve in the foramen or of the first 
sacral nerve in the lateral bony recess as a cause of sciatic pain in older patients. This 
may be expected, because in the fifth lumbar disc the arrangement of the articular facets 
is usually such that there is no bony meshing to retard collapse of the disc; in addition, 
the intervertebral foramen is already small compared with the size of the fifth lumbar 
root and in many cases a bony recess of the spinal canal is already present. This is true 
especially if the fifth lumbar vertebra is displaced backward on the sacrum or if a hyper- 
trophic bony rim has developed on the inferior border of the involved body posteriorly 


or laterally. 

In Case 1, there is no question that this patient had advanced degenerative disease 
of the fifth lumbar disc, with complete collapse of the disc and backward displacement. 
It is worthy of note that at operation this patient appeared to have a firm fibrous ankylosis 
and that, despite extensive operative destruction of the apophyseal joint on one side, the 
patient has remained symptom-free without a spine fusion and without a back support. 

The appearance of the first sacral nerves in the two cases described should be men- 
tioned. After the involved nerves had been pulled out of the bony recess, they had a normal 
appearance; they were white and smooth and showed no flattening or adhesions. 


VALUE OF MYELOGRAPHY 


The myelogram in Case 2 was negative and indeed the normal appearance of the 
dura at the operating table gave no reason why this should not have been so. In Case | 
myelography was not carried out, but should also have been negative, judging by the ap- 


pearance of the thecal sac. 

When compression of a nerve has taken place lateral to the dura in the lateral recess 
or intervertebral foramen, whether by a dise protrusion or by the impingement of bone or 
of other structures, myelography will probably not be useful and a negative myelogram 


cannot rule out such possibilities. 


CLINICAL IMPLICATIONS 


In the presence of degenerative disc disease of the fifth lumbar disc in older patients 
without herniation or with earlier absorbed herniations and with collapse or narrowing of 
the dise, with or without posterior displacement of the fifth lumbar body, compression of 
either the fifth lumbar nerve in the intervertebral foramen or of the first sacral nerve in the 
lateral bony recess may be expected in a certain number of cases. It is known that many 
of the unsatisfactory operative results are in cases of ‘“degenerated’’ discs in which no 
herniation is found 7. We wonder whether in this group we are overlooking compression 
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of either the fifth lumbar root in the foramen or of the first sacral nerve in the lateral bony 
recess. Briggs and Krause believed that, if the surgeon makes a preoperative diagnosis of 
root compression and fails to find a posterior protrusion of the fourth or fifth dise in the 
spinal canal, his exploration is not complete unless he follows the fifth lumbar nerve 
through its course in the foramen — that is, unless he unroofs the foramen. This is true 
especially if the preoperative roentgenograms demonstrate a definite thinning of the fifth 
lumbar dise and if the patient is in the older age group. In other words, the operation 
should be considered primarily a root exploration and the exposure should be planned to 
demonstrate the presence and condition of the root. The technique of facetectomy, or 
foraminotomy as Briggs and Krause prefer to call it, should not be a formidable one for a 
surgeon experienced in entering the spinal canal. However, in most cases, after it has been 
carried out, a spine fusion at the involved level should be performed. A technical consid- 
eration which should be mentioned is that probing of the intervertebral foramen, as carried 
out by Briggs with a bent probe, is very difficult if not impossible, in the presence of a deep 
lateral recess unless the medial portion of the articular process of the sacrum is removed 
first. On the question of foraminotomy it might be added that it is rarely necessary to 
carry the exposure as far as the outer margin of the foramen or into the soft parts lateral 
to it. 

The importance of good exposure is to be emphasized. For example, if in the two 
cases cited the spinal canal had not been well exposed, the failure to visualize the first 
sacral nerve might not have assumed too great importance. However, its absence from the 
usual position, when definitely confirmed, must have great importance, as these two cases 
well illustrate. In principle, bony compression of the first sacral nerve in the lateral recess 
is similar to compression of the fifth lumbar nerve in the foramen. The former, of course, 
will be easier to find at the operating table and should not be missed if the exposure of the 
spinal canal is adequate and if the possibility of this lesion is kept in mind. Once the 
absence of the first sacral nerve from its normal position has been confirmed and the 
nerve is seen in the recess, it is advisable to pull the nerve out of the recess, although 
this will not be easy if it is tightly wedged. Eliminating the recess will be a simple tech- 
nique, once the nerve has been retracted medially. It would be difficult to avoid damage 
to the first sacral nerve if the sacral articular process is removed without the nerve be- 
ing retracted first. 

In addition, in view of Tarlov’s recent discovery of cysts of sacral nerve roots as a 
cause of sciatica, we would now consider the advisability, in some cases, of removing a 
section of the sacral lamina on the involved side to rule out this cause of compression of the 
first or second sacral nerves. 

CONCLUSIONS 

1. There exists a lateral bony recess of the spinal canal at the level of the fifth lumbar 
dise. This is fairly deep in some individuals. 

2. The lateral recess may be narrowed from before backward by degeneration and 
thinning of the fifth lumbar disc, especially if there is backward displacement of the 
fifth lumbar body or if there is a hypertrophic rim on its inferior border. 

3. The first sacral nerve can become caught in this recess and sciatica may result. 

1. Myelography will probably not be helpful in diagnosing this lesion. 

5. Compression of the first sacral nerve in the lateral recess or of the fifth lumbar 
nerve in the intervertebral foramen should be considered as possibilities in patients of 
about fifty or over with sciatica, especially if roentgenograms show thinning of the fifth 
lumbar disc. 

6. It is useful to conceive of disc surgery in this age group in terms of root exploration 
rather than simple removal of a herniated disc. 

Nore: The author wishes to acknowledge the careful work of Mr. Loren H. Blackburn in making the 


drawings used in this article. 
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DISCUSSION 
An ANazysis or Enp or SurGIcCAL TREATMENT OF 
Masor Insuries To THE LIGAMENTS OF THE KNEE 


(Continued from page 13) 


reconstruction of the anterior cruciate ligament in a person forty-five or fifty-five years old who is not going 
such a person does not need the cruciate ligament. On the 
other hand, the athlete in modern life looks on athletics as his career. I do not refer to the period he is in 
college only. These fellows go on to work in physical education in the universities, and become coaches and 
teachers, or they become professional players. If you tell this sort of man that, since he has hurt himself, he 
must do something else with his life, it is like saying to an intern that he cannot continue in medicine. 
Rehabilitation is the goal of the modern orthopaedist, and all measures within reason should be utilized 


to engage in any strenuous physical pursuit, 


sf to make rehabilitation complete. 
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TWO-JOINT MUSCLES OF THE THIGH *f 


BY JOSEPH E. MARKEE, PH.D., JOHN T. LOGUE, JR., M.D., M. WILLIAMS, PH.D., W. B. 
STANTON, M.D., R. N. WRENN, M.D., AND L. B. WALKER, M.S., DURHAM, NORTH CAROLINA 


From the Department of Anatomy, Duke University School of Medicine, Durham 


INTRODUCTION 


This presentation will be restricted to those few muscles which act over both the hip 
and the knee joints. These muscles are the rectus femoris, the semimembranosus, semi- 
tendinosus, the biceps femoris, the sartorius, and the gracilis. 

Certain actions of these muscles are well known and are stated in the standard text- 
books of anatomy. For example, when the leg is being carried forward, the rectus femoris is 
known by its shortening to contribute both to flexion of the hip joint and to extension of 
the knee joint (Fig. 1,A). When the leg is being carried backward, the hamstring muscles 
shorten and, consequently, contribute both to extension of the hip joint and flexion of the 
knee joint (Fig. 1,B). 


y 


RECTUS SARTORIUS 


FEMORIS 


HAMSTRINGS 


Fic. 1 
Drawing illustrating the actions of those thigh muscles which bridge both the hip and the knee. 


The attachments, that is, the origin and the insertion, of the rectus femoris lie in front 
of a vertical plane passing through the length of the trunk and the inferior extremity. 
Tension transmitted between the origin and the insertion would tend, therefore, to approx- 
imate these attachments. The actions would be merely to pull the parts forward: to flex 
the thigh or trunk, and to extend the leg (Fig. 1,A). Likewise, the attachments of the 
hamstring muscles lie posterior to a vertical plane passing through the length of the trunk 
and inferior extremity. Shortening of these muscles would tend, therefore, to approximate 
the origin and insertion or to carry the parts backward, — that is, to extend the thigh or 
trunk and to flex the leg (Fig. 1,8). If the sartorius acts only to cause approximation of 
the origin and insertion, it must always tend to flex simultaneously the hip and knee joints 
(Fig. 1,C). 

If this concept of the action of the rectus femoris, the hamstrings, and the sartorius is 
correct, we must recognize that the rectus femoris is well adapted to such movements as 
kicking a football but is poorly adapted to raising the leg from one stair step to the step 

* Read at the Annual Meeting of The American Orthopaedic Association, Bretton Woods, New Hamp- 


shire, June 9, 1954. 
+ Aided by a grant from The National Foundation for Infantile Paralysis, Inc. 
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above. The hamstrings function efticiently in propelling the body forward when the foot is 
striking the take-off marker in the broad jump, but they function inefficiently when the 
body weight is being raised from a chair. The sartorius functions efficiently only when the 
hip and knee joints are to be flexed simultaneously, as during a withdrawal reflex. 
However, the rectus femoris and the hamstrings have certain adaptations in structure 
which contribute to movements of the hip and knee joints under conditions which are very 
different from the ones mentioned above, — that is, during certain parts of the cycle of 
walking or running these muscles can participate in movements of the hip and knee joint 
which apparently cannot be explained by pull that is transmitted entirely from the proxi- 
mal point of origin to the distal point of insertion. As is indicated in Figure 2,A, the thigh 
can be moved forward (flexed) even though the leg is not being moved forward (extended) 
on the thigh. As is shown in Figure 2,C, the thigh can be extended when the leg is not 
being flexed. When these movements are being carried out, one of the three following 
alternatives must be true: 


RECTUS 
FEMORIS 


Fig. 2 

Drawing illustrating how the rectus femoris and the semitendinosus can act on the joint at one 
end of the femur without acting on the other joint. The separate action of the rectus femoris on the 
hip joint is illustrated in A, its separate action on the knee in B. The separate action of the semi- 
tendinosus on the hip joint is illustrated in C, its separate action on the knee joint in D. 


1. The rectus femoris and hamstrings do not shorten when they might produce un- 
desirable movement at either the hip or the knee joint. 

2. Other muscles expend energy to overcome the undesirable action of the rectus 
femoris and hamstrings at either the hip or the knee joint. 

3. The rectus femoris and hamstrings can contribute to movement at one joint with- 
out interfering with movement at the other joint. 

To study the possibility that these muscles might have an unrecognized mode of 
action, the investigation was divided into two main parts: (1) morphological studies of 
these muscles in human cadavera; and (2) functional studies of these muscles in dogs. 


MORPHOLOGICAL STUDIES IN THE HUMAN 


The hamstring muscles have some characteristics in common, but differ greatly i 
their morphology and in their function. 


Semitendinosus 
Morphology 
The semitendinosus is morphologically a single muscle. Its morphological and physi- 
ological characteristics can be most easily understood, however, if it is considered as two 
muscles attached to an intervening tendinous inscription. This inscription may be thought 
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of as a strengthening of 
the fascia lata, which 
serves as a somewhat 
yielding insertion for the 
muscle fibers of the proxi- 
mal part of the muscle, 
and the origin for the fi- 
bers composing the distal 
portion of the muscle. 
The fibers which 
make up this muscle are 
long (Fig. 3). The average 
length of the fibers which 
arise from the ischial tu- 
berosity and insert onto 
the inscription is about 
five centimeters. The av- 
erage length of the fibers 
which arise from the ten- 
dinous inscription and in- 


sert onto the tibia is 

approximately ten centi- 

meters. This muscle, 

therefore, has all of the 

characteristics of a di- 
gastric muscle. = 

Fia. 3 

Drawing illustrating the arrangement and relative length of the fibers 
Two nerves to the | of the human semitendinosus. 


Nerve Supply 


semitendinosus are pres- 

ent; the uppermost arises from the tibial division almost opposite the ischial tuberosity. 
It promptly divides and passes deep to the origin of the biceps femoris. The upper branch 
enters the middle of the posterior surface of the semitendinosus close to the tendon of 
origin, and passes downward and medialward about three centimeters. The lower branch 
enters the lateral border of the semitendinosus at about the level of the termination of the 
upper branch and divides into two filaments, both passing downward and medialward to 
supply the muscle belly as far as its middle. The second nerve to the semitendinosus arises 
from the tibial division at the level of the upper and middle thirds of the thigh. It origi- 
nates in common with the nerve to the semimembranosus, but rather quickly separates 
from it. Dividing into two branches, it enters the deep surface below the middle of that 
muscle. The first branch enters just medial to the mid-line, and its filaments then descend 
medially to supply the upper medial portion of the lower half of the muscle. The second 
branch continues downward, entering the lateral side of the muscle about the junction of 
the middle and lower thirds, and continues almost to the tendon, supplying the lowermost 


portion of the muscle. 


Variations 

A number of variations occur in the structure of the semitendinosus. The most 
frequent variation is the presence of a number of fascicles which bridge the tendinous 
inscription. They originate proximal to the inscription and insert onto the tendon distal 
to the inscription. One or more fascicles may extend from the body of the muscle to the 
fascia on the back of the thigh. This muscle very rarely has a small femoral attachment, a 
condition characteristic of many birds. 
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Semimembranosus 
Morphology 
The semimembranosus (Fig. 4) appears to be morphologically a single muscle. It is 
composed of short fibers so arranged as to crowd a maximal number into a minimal space. 
Some of the fibers are bipennate in arrangement and others are unipennate. The average 
length of the fibers is about 5.5 centimeters. The long, flat tendon of origin lies beneath the 
proximal half of the semitendinosus and arises from the more lateral of the two heads or 
facets on the back of the ischial tuberosity. The proximal portion of this tendon of origin 
usually adheres to both the tendon of the adductor magnus and the tendon of origin of 
the biceps femoris. This long tendon of origin continues somewhat distal to the center of 
the belly of the muscle. The long tendon of insertion begins at a point somewhat proximal! 
to the middle of the muscle belly and passes along the medial and deep surface of the 
muscle toward its multiple insertion. A part of this tendon of insertion is attached directly 
to the back of the medial condyle of the tibia. Another portion of the tendon of insertion 
expands into the capsule of the knee joint, the medial condyle of the femur, and the more 
proximal portion of the tibial collateral ligament. A small portion of this tendon of inser- 
tion attaches to the fascia of the popliteus muscle. The tendon of insertion is rather broad. 
Occasionally, a gap divides the tendon into two portions, but in those bodies in which 


there is no gap, the two portions may be easily separated. 


Nerve Supply 

The nerve to the semimembranosus (Figs. 5 and 10-E) is usually a single nerve which 
arises in common with that to the distal portion of the semitendinosus, as noted above 
Shortly after the separation of these two nerves, the posterior nerve to the adductor mag- 
nus, which runs with it, is separated from the nerve to the semimembranosus at the point 
where the nerve lies on the posterior surface of the adductor magnus. Therefore, the nerve 
to the semimembranosus continues downward and forward on the deep (or lateral) surface 
of that muscle almost to its insertion, supplying in its course a series of five branches which 
enter the deep surface of the muscle. The uppermost branch penetrates just below the 
tendinous origin near the mid-line. The next three branches in succession enter nearer the 
anterior border of the muscle. The filaments of these three branches descend downward 
and backward to terminate near the superficial surface. One or more of these branches 
enters that portion of the muscle which inserts onto the posterior surface of the tibia. The 
lowest branch, or group of branches, enters that portion of the muscle which inserts onto 
the distal end of the femur or the various parts of the knee joint. 


Biceps Femoris 

Morphology 

The biceps femoris is a double muscle, both morphologically and functionally. The 
long head arises from a common tendon, that is, it shares a tendon with the semitendinosus. 
This tendon originates from the more medial of the two facets on the back of the tuberosity 
of the ischium and from the sacrotuberous ligament. The more proximal portion of this 
tendon serves as a septum between the biceps and the semitendinosus, and the distal 
portion serves as a tendon of origin which lies on the deep surface of the muscle. The fibers 
of the long head of the biceps femoris are arranged in a bipennate fashion. They arise 
from the tendon beginning some distance caudad to the ischium. These fibers form a thick 
fusiform belly which is inserted into the deep surface of the tendon that appears laterally 
on the back or deep surface of the muscle at about the mid-point of the thigh. The muscle 
belly is relatively long and. consequently, continues nearly as far caudad as the lateral 
condyle of the femur. 
The fibers of the short head of the biceps femoris originate directly from bone without 
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an intervening tendon. They arise from the lateral lip of the linea aspera, from the middle 
of the shaft to the point where the linea aspera bifurcates, and from the proximal two- 
thirds of the supracondylar line, as well as from the lateral intermuscular septum. The 
fibers of the short head are arranged in a parallel manner. They terminate on the deep 
surface of the common tendon of insertion which attaches to the superior extremity of the 
head of the fibula and into the lateral condyle of the tibia, as well as into the fascia of the 


leg. 


Nerve Supply 

The nerve which supplies the long head of the biceps femoris (Figs. 4 and 10-E) arises 
from the tibial division of the sciatic nerve about opposite the nerve to the semimembrano- 
sus and the distal portion of the semitendinosus. It divides into an upper and a lower 
branch. The upper branch almost immediately enters the muscle on its deep surface and 
near its mid-line. The nerve filaments descend in a lateral direction to supply the upper 
third of the long head. The lower branch enters about mid-way along the deep surface and 
near the mid-line of the muscle; the filaments run downward and terminate near the 
superficial aspect of the long head. The longest of these filaments terminates near the fu- 
sion of the long and short heads of the biceps femoris. The nerve fibers which are dis- 
tributed to the long head originate from the first, the second, and the third sacral nerves. 

The nerve which supplies the short head of the biceps femoris arises from the peroneal 
nerve, a little above the middle of the thigh, runs down the deep surface of the long head, 
passing between the long and short heads, and enters the superficial surface of the latter a 
little distal to the uppermost part of its origin. Soon after the nerve penetrates the sub- 
stance of the short head, it divides into three branches which run distalward and lateral- 
ward toward the point of fusion of the long and short heads of the muscle. The nerve fibers 
which are distributed to the short head arise from the fifth lumbar and the first and second 


sacral nerves. 


Variations 

Many minor variations occur in the biceps femoris. One of the most frequent is the 
presence of an inscription in the long head, similar to the inscription in the semitendinosus, 
but less well developed. When this inscription is present, one nerve branch supplies the 
muscle fascicles located proximal to the inscription and another nerve branch supplies the 
fascicles distal to it. In some of those instances in which there is a tendinous inscription 
across the long head, additional fascicles may be continued distalward to attach into the 
sural fascia. Aberrant fascicles originate from other areas, such as the coccyx, sacrum, 
ischial tuberosity, the sacrotuberous ligament, or even the deep surface of the glutaeus 
maximus. Rarely do these fascicles extend as far distal as the Achilles tendon. The short 
head of the biceps likewise varies. It may be divided into two distinct parts or layers, and 
one or more of these layers may be isolated from the long head of the biceps. The short 
head of the biceps may not share the common tendon of insertion. 


Rectus Femoris 

Morphology 

The rectus femoris characteristically arises by two tendons. The anterior or straight 
tendon originates from the anterior inferior spine of the ilium. The posterior or reflected 
tendon arises from the posterior superior surface of the rim of the acetabulum. These two 
tendons of origin may remain relatively separate or they may form an arch. From these 
two tendons, an aponeurosis passes downward upon the superficial surface of the muscle 
toward its middle third and serves as the origin for the individual muscle fascicles. This 


aponeurosis of origin narrows as it descends and continues into the substance of the muscle 
as an intramuscular tendon. The tendon of insertion appears on the posterior surface of 
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Fig. 10-A Fig. 10 B Fia. 10-C 
Sartorius. Rectus femoris. Gracilis. 

Figs. 10-A to 10-F: Illustrating the distribution of the nerves within certain muscles of the thigh, 
as demonstrated by maceration and dissection. 


the muscle, at approximately the middle of the muscle belly, and extends as a somewhat 
curved aponeurosis. The more lateral portion of this aponeurosis becomes a strong band 
which is attached to the proximal extremity or border of the patella. The more medial 
portion of the muscle is intimately related to the fascia lata, to the adjacent sartorius, and 
to the adductor longus. At the point along the thigh where the surfaces of the rectus fem- 
oris, the sartorius, and the adductor longus are in intimate relationship, the fascia lata 
and medial intermuscular septum are particularly well developed. Those fibers which 
arise along the upper and lateral portions of the muscle terminate in the toughened con- 
necting tissue, which extends inward as the fascia lata, and in the intermuscular septum at 
this position. The muscle fibers which originate from the upper portion toward the medial 
aspect of the aponeurosis, or central tendon of origin, are joined by all of the fibers orig- 
inating in the lower part of the muscle. This is the largest part of the belly of the muscle, 
and these fibers continue distalward in a somewhat bipennate form to attach to the front 


and sides of the tendon of insertion. 


Nerve Supply 
Usually two nerves enter the rectus femoris (Figs. 8 and 10-B). When there is only one 
nerve, it divides before entering the substance of the muscle. The first nerve courses later- 
ally between the rectus femoris and the vastus medialis to enter the muscle medial to its 
mid-line in the lower portion of the upper third, where it breaks into two branches. The 
first branch turns upward a short distance and lies deep in the substance of the muscle, 
whereas the second branch continues downward to terminate near the lateral border. The 
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Fic. 10-D Fig. 10-E Fic. 10-F 


Semitendinosus. Biceps femoris. Semimembranosus. 


second nerve lies along the medial border of the muscle. At the junction of the upper and 
middle third, the first branch enters the medial border and divides into two filaments: one 
filament turns upward a short distance to end among the medial muscle fibers, while the 
other filament subdivides into three fairly large twigs which run downward and laterally 
to supply the middle third of the muscle and eventually terminate near the anterior sur- 
face of the lower third. The second branch runs farther down the medial border to the 
lateral third of the muscle, where it divides into two filaments; one of these penetrates 
anteriorly and laterally as far as the mid-line, and the second descends into the substance 
of the muscle along its medial edge as far as the quadriceps tendon to supply the lower 
medial quarter of the rectus femoris. 


Variations 

Rarely a tendon of origin may arise, not from the anterior inferior spine of the ilium, 
but from the anterior superior spine. Occasionally, the deep or reflected head of origin may 
be absent. An accessory head of origin sometimes arises from the rim of the acetabulum 
and inserts into the ventral margin of the vastus lateralis. These minor variations usually 
are innervated by branches of the nerves which are distributed to the rectus femoris. 


Sartortus 

Morphology 

The sartorius arises from the anterior superior spine of the ilium and from the ad- 
jacent bone. It inserts into the medial surface of the tibia at or near the tuberosity, and 
also into the neighboring fascia of the leg. The muscle fascicles run a nearly parallel 
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course. The most proximal ones originate by short tendinous strands, some of which 
terminate irregularly into the connective tissue at the point where the sartorius approaches 
the adductor longus. Lockhart and Brandt reported that by dissection of the adult human 
sartorius they isolated fibers which were thirty-four centimeters in length. In this investi- 
gation fibers approaching that length were not found, but instead, many fibers were traced 
from their origin to the point where the sartorius, the rectus femoris, and the adductor 
longus approach each other. Many other fibers which originated at approximately that 
level were traced distally. The muscle is inserted by an aponeurotic layer into the upper 
part of the medial surface of the shaft of the tibia, above and in front of the insertions of 
the gracilis and the semitendinosus, and, by its borders, into the fascial expansions which 
join the capsule and the medial collateral ligament of the knee joint and the fascia of the leg. 


Nerve Supply 


The nerve to the sartorius (Figs. 7 and 10-A) usually is single, but soon divides into 
five branches which supply that muscle. Frequently an additional branch f:om the saphe- 
nous nerve passes through the sartorius and is distributed cutaneously. The muscle 
branches arise from the main nerve in succession and all enter the deep surface of the 
muscle, where they lie just within its substance. The highest branch enters the middle of 
the upper third at the muscle near its mid-line and continues toward its lateral edge. Its 
filaments turn both superiorly and inferiorly, supplying the upper lateral quarter of the 
sartorius. The second branch enters only slightly distal to the first, and divides into two 
filaments which supply the upper medial third of the sartorius. The third branch enters 
near the medial border of the muscle at the junction of its upper and middle thirds; one 
short filament runs anteriorly into the substance of the muscle and a second, larger, fila- 
ment passes distalward almost to the muscle tendon. This descending filament supplies 
the upper medial two thirds of the sartorius. The fourth branch enters the deep surface 
somewhat lateral to the mid-line. Within the substance of the muscle, the nerve divides 
into two filaments. The more medial courses distalward through the substance of the 
muscle near the mid-line almost to the tendon; the lateral filament divides into three 
twigs, one running cephalad and one caudad near the lateral border; the third runs parallel 
to the second but a little medial to it. The fifth branch divides before entering the muscle: 
its medial filament enters at the junction of the middle and lower thirds, where it lies be- 
tween the descending filaments of the third and the medial filament of the fourth branches. 
Coursing downward, the nerve terminates near the muscle tendon. The lateral filament of 
the fifth branch enters the lateral side of the deep surface of the sartorius in its lower 
quarter, and divides into two long twigs which descend parallel to one another. 


Gracilis 
Morphology 


The gracilis is morphologically a long, flat, tapering muscle placed on the medial side 
of the thigh and superficial throughout its length. It arises by a short, thin, and wide ten- 
don from the lower half of the edge of the pubic symphysis and adjacent pubic arch. It is 
inserted into the upper part of the medial surface of the shaft of the tibia between the 
sartorius and the semitendinosus. 


Nerve Supply 


The nerve to the gracilis (Figs. 9 and 10-C) is usually the terminal branch of the an- 
terior division of the obturator nerve, and lies deep to the pectineus and adductor longus 
and anterior to the adductor brevis and adductor magnus. At or near the medial border of 
the adductor longus, it divides into a medial and lateral branch, each of which divides into 
several filaments before entering the posterior surface of the muscle belly. The uppermost 
filament of the lateral branch enters the muscle near its mid-line, about the middle of its 
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upper third, and gives off small ascending and descending fibers to the upper lateral border 
of the muscle. The two remaining filaments of the lateral branch enter the muscle near the 
junction of its upper and middle thirds and continue distalward, parallel to the lateral 
border of the muscle. The medial branch of the nerve to the gracilis likewise breaks up into 
three filaments, which supply the upper medial portion of the muscle. The two lateral 
filaments of the medial branch enter the muscle at the junction of the upper and middle 
thirds and run distalward between and parallel to the muscle fibers, to supply the medial 
border of the muscle. These terminate near the tendinous portion of the muscle. 


Variations 


Occasionally the muscle is divided into two parts. The anomalous second portion may 


attach to the fascia lata or to the medial intermuscular septum. 

The tibial nerve to the adductor magnus (Fig. 6, a and b) usually arises cephalad to 
those branches of the sciatic nerve which supply the hamstring muscles. The nerve im- 
mediately divides into three branches which pass into the clefts of the muscle and are 


distributed to the various fascicles of its posterior portion. 
FUNCTIONAL STUDIES IN THE DOG 


Methods and Procedures Used in Studying Movement 

The dogs were anaesthetized and either subjected to spinal transection or prepared for 
cortical stimulation. The behavior of the muscles or parts of muscles was studied in the 
following ways. 


Fig. 11 


Iilustrating the action potential recorded from the muscle when one branch is stimulated at a time. 
Stimulation of a single branch is followed by an action potential only in that area of the muscle supplied 
by that branch. 
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1. The muscles were always completely exposed and some information was always 
acquired by palpation and inspection of the muscles which were being stimulated. 

2. The muscle potential was visualized on the screen of a cathode-ray oscilloscope. 
Photographic records were made of the electrical activity in areas which were shortening, 
being stretched, or contracting isometrically. 

3. The amount of change in length, either shortening or lengthening, was recorded 
photographically. Markers were placed on the muscles to serve as points of reference. 

!. Work curves were determined for some of these muscles. 

5. Length-tension curves were established for some of the muscles. 

These various techniques were often combined to obtain different kinds of data on 
the same muscle and on the same functional area of that muscle. 


Activity of Muscles during Movement of the Hip Joints and Knee Joints 


We have previously demonstrated ** that electrical stimulation of branches to 
isolated areas of a muscle produces isolated contraction, and that shortening of one seg- 
mental area of the muscle may occur with concomitant stretching of another area. For ex- 
ample, the nerve which supplies the sartorius of the dog divides into four branches as it 
approaches the muscle. Stimulation of any one of these four branches causes contraction of 
only one of the four areas of the muscle. The boundaries of areas which contract separately 
were outlined by markers placed on the surface and by recording of the electrical potential 
which arises from the four parts of this muscle. Stimulation of one nerve branch produces 
an electrical potential only in the area of the muscle supplied by that branch (Fig. 11). This 
generalization is true for the muscles described above: the semitendinosus, the biceps 
femoris, the gracilis, and the sartorius of the dog. 

To illustrate further the actions of these muscles, the behavior of the various parts of 
the muscles was studied during reflex activity and during cortical stimulation. 

The semitendinosus is physiologically a digastric muscle. During reflex activity, or 
during cortical stimulation, that portion of the muscle proximal to the tendinous inscrip- 
tion shortens during extension of the hip; the portion distal to the inscription shortens 
during flexion of the knee; and both portions shorten when there is simultaneous extension 
of the hip and flexion of the knee. During simultaneous flexion of the hip and knee, the 
proximal portion of this muscle stretches while the distal part shortens. During simul- 
taneous extension of the hip and knee, the proximal part of the muscle shortens and the 
distal part elongates. Under these five combinations of movements an action potential 
occurs in both parts of the muscle—in the part which shortens and in the part which is 
being stretched. Thus one part of the muscle is contracting concentrically and the other 
part eccentrically. 

The two parts of the semitendinosus function as though they were reciprocally in- 
nervated. These two parts may be regarded as a flexor and an extensor muscle attached to 
an intervening inscription. The length of each part of this muscle adapts itself to the 
position of the two joints: the proximal part shortens or lengthens as the hip is moved; the 
distal part shortens or lengthens as the knee is moved. The long muscle fibers of the two 
portions are connected end to end through the tendinous inscription and are able to exert 
force through almost the full range of movement, from combined hip flexion and knee ex- 
tension to hip extension and knee flexion. 

The force exerted to extend the hip joint or to flex the knee joint is determined by the 
length of the two parts of the muscle. Hence, the proximal part of the muscle can act as a 
powerful extensor at the hip joint when that joint is in a position of flexion, irrespective of 
whether the knee joint is flexed or extended. Likewise, the distal part of the muscle can 
act as a powerful flexor at the knee joint when the hip joint is either flexed or extended. 
Obviously, in this muscle as in any simple muscle, the ability of the two parts to develop 
tension decreases markedly as the muscle fibers of that part approach minimal length. 
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Denervation of either the proximal or the distal portion of this muscle renders that 
part incapable of acting on the adjacent joint. In addition, the denervated area stretches 
and allows the inscription to shift as far as the fascial attachment will allow, thereby de- 
creasing the efficiency of the other portion of the muscle. In the dog, the fascial attachment 
shifts enough to decrease the effectiveness of the still innervated portion, but not enough to 
render it incapable of producing movement at one joint,—that is, after the nerve to the 
proximal portion of the muscle has been sectioned, the distal portion can still flex the knee 
joint, because the fascial attachment restricts the stretching of the proximal portion. 
Likewise, denervation of that part distal to the inscription decreases the effectiveness of 
the proximal portion as a hip extensor, but hip extension can be carried out by contraction 
of the still innervated portion of the muscle. 

The semimembranosus in the dog is described as a single muscle only because it is en- 
closed within a single sheath. It is morphologically two units, in that it has two insertions 
and is innervated by two nerves. It acts as two parallel units with separate functions. 
That portion which inserts above the knee shortens during extension at the hip, when 
extension is induced reflexly, either by crossed extension or by cortical stimulation; that 
portion which inserts below the knee shortens during reflex withdrawal or cortically in- 
duced flexion of the knee and during extension of the hip. 

In the dog, the two parts of the semimembranosus lengthen under the following condi- 
tions: The flexor portion lengthens when the knee is being extended and the hip is being 
flexed, — that is, during crossed extension and during flexion of the hip induced by cortical 
stimulation. The extensor portion lengthens during an ipsilateral withdrawal reflex and 
also during flexion of the hip induced by cortical stimulation. Both portions of the muscle 
shorten during those movements which involve simultaneous extension of the hip joint 
and flexion of the knee joint. 

The biceps femoris acts as two parallel muscles. In the dog, one portion of the biceps 
inserts below the knee and the other portion, which in general is comparable to the long 
head of the biceps in the human, is inserted onto the femur. Therefore, in the dog, this 
portion of the biceps is not influenced by movement of the knee; it serves only as a hip 
extensor. It relaxes during reflex withdrawal, when the other portion of the muscle is 
shortening to flex the knee. In the dog, these attachments and the manner of innervation 
enable the extensor portion to extend the hip without tending to influence the position of 
the knee. 

In the dog, the flexor portion of the biceps, arising from the ischial tuberosity, must 
always tend to extend the hip when it flexes the knee. In the human, the situation is 
different. As is well known, the flexor part of the biceps (the short head) can flex the knee 
without extending the hip. In the dog, as in the human, these two parts of the muscle may 
be used simultaneously when there is simultaneous extension of the hip and flexion of the 
knee. 

The semimembranosus, because of the shortness of its fibers, shortens relatively 
little, but because of the large number of fibers, or great physiological cross section, it acts 
powerfully during this short range of contraction. In the dog, because all of the muscle 
arises from the ischial tuberosity, its length is modified by the position of the hip joint, 
which, in turn, influences the range through which the muscle acts as a powerful flexor of 
the knee. If the thigh is at a right angle to the body, this muscle acts as a powerful knee 
flexor during the time when the knee joint is being moved through its range of movement 
from 115 to 90 degrees. 

The sartorius of the dog is composed of two parts: the medial part, which shortens 
reflexly during flexion, and the lateral or anterior part, which shortens both during reflex 
hip flexion and knee extension. The lateral portion of the muscle resembles the rectus 
femoris of the human. The two parts of this muscle in the dog behave differently during the 
two movements of the joints, that is, flexion of the hip joint and extension of the knee 
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joint. The proximal part of the lateral portion of the sartorius (upper two areas in Figure 
11) shortens during hip flexion. The distal part (lower right area) shortens during reflex 
extension of the knee. The central part (lower left area) participates actively in bothre- 
flexes and appears to be of greatest importance during simultaneous flexion of the hip and 
extension of the knee. 

The rectus femoris of the dog is composed of two parts. The superficial part of the 
muscle continues toward the quadriceps tendon and shortens during extension at the knee 
and flexion at the hip joints. The deeper, somewhat enclosed, portion arises largely from 
the reflected head and passes laterally to insert through the fascia lata on the lateral inter- 
muscular septum. This portion of the muscle shortens during reflex flexion of the hip, or 
when flexion of the hip is induced by cortical stimulation. These two parts of the muscle 
lengthen under the following conditions: When the knee is being flexed, the more super- 
ficial portion of the muscle lengthens even though the hip may be in the process of flexion 
at that time; in a somewhat comparable manner, the deeper portion of the muscle length- 
ens when the hip is being extended, quite independently of whether the knee is being 
flexed or extended. Both portions of this muscle shorten when there is simultaneous 
flexion of the hip and extension of the knee, and both portions of this muscle lengthen 
when there is simultaneous extension of the hip and flexion of the knee. 

The gracilis muscle of the dog is primarily an adductor of the thigh and leg. It also 
participates in two reflex movements. The rounded distal portion shortens during flexion 
at the knee and at the hip which is induced either by ipsilateral reflex withdrawal of the 
limb or by cortical stimulation. The flatter, more proximal, and more anterior portion 
shortens during flexion at the hip, but not during flexion at the knee which is induced by 
cortical stimulation. Neither portion contributes much to the strength of flexion at the hip. 
DISCUSSION 
Movement at two joints can be produced simultaneously by all of the muscles of the 
thigh which pass over two joints. Simultaneous flexion at the hip and knee can be caused 
by the sartorius and the gracilis; simultaneous flexion at the hip and extension at the knee 
by the rectus femoris; and simultaneous extension at the hip and flexion at the knee by 
the semitendinosus, the semimembranosus, and the biceps. It may be of academic interest 
to note that there are four possible combinations of simultaneous movements at the hip 
and knee (Fig. 1) and that three of these possible combinations can be produced by 
muscles which pass over two joints. There is no muscle which can produce the fourth 
combination of movements, — that is, simultaneous extension at the hip and at the knee. 
This combination occurs when the body weight is raised from a chair or from one stair 
step to the step above and would seem to be as important as the combined flexion at knee 
and hip which occurs during a withdrawal reflex or when the foot is raised over an obstacle. 

Movement at one joint only can be produced by all of the thigh muscles in the dog. 
The statements in standard textbooks would indicate that, in the human, the muscles 
which act over two joints in the thigh must produce motion at both the hip and the knee 
joints, unless other muscles are brought into play to prevent movement at one joint. 
In the dog, each of these muscles, that is, the semitendinosus, the semimembranosus, the 
biceps femoris, the rectus femoris, the gracilis, and the sartorius, is capable of producing 
movement at one joint only. Moreover, these muscles are capable of producing movement 
at one joint without offering resistance to the antagonistic movement of the other joint. 
Our morphological studies indicate that this may also be true in the human. The nerve 
branchings to these muscles, in the human, suggest that one portion of each muscle may 
shorten while another portion lengthens. In the dog, activity is carried ot without dissi- 
pation of energy on the prevention of an undesired movement. It seems difficult to believe 
that the pattern of attachment and the pattern of innervation of the various parts of the 
muscle are not evidence that the same pattern of behavior is followed in the human. It seems 
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HAMSTRINGS 


Fic. 12 
A illustrates the participation of the quadriceps femoris in extension of the knee joint, as in rising from a 


chair. 

B illustrates that, by means of a force couple, the hamstrings may, by acting as a rope, transmit tension 
developed by the quadriceps and extend the hip joint through about half the range of movement. During this 
part of the act of rising, the hamstrings need not shorten. During the remainder of the range of movement, 
the hamstrings must shorten to extend the hip joint. 


very probable that in the human, the portion of each of these muscles which will produce 
the desired movement actually shortens and that the portion which would not produce the 
desired movement, or would have a tendency to prevent it, does not contract. 

Fascial attachments play an important role in transmitting the force of three of the 
muscles of the thigh: the semitendinosus, the rectus femoris, and the sartorius. Because 
of these fascial attachments, these three muscles may produce their action on the hip 
joint quite independently of movement at the knee joint. This generalization must apply 
to the human as well as to the dog. Because of their fascial attachments, these three thigh 
muscles can act on the hip joint without necessitating the antagonistic action of another 
muscle. Likewise, because of its fascial attachments, the distal portion of the sartorius and 
of the semitendinosus may act on the knee joint without extending the hip joint. In the 


Fig. 13 
Illustrating how the quadriceps femoris and the hamstrings influence the gliding of the femur over 


the tibia during extension of the knee. The dots on these two bones may serve as points of reference in 
connection with the forward roll of the femur. The backward glide is indicated by the bracketed lines. 
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dog, these actions may be carried out under circumstances which involve lengthening of 
the proximal portion of these two muscles. 

Reciprocal innervation plays an important role in the control of the thigh muscles of 
the dog. The separately functioning portions of these muscles are reciprocally innervated, 
but not necessarily with another portion of the same muscle. Instead, reciprocal innerva- 
tion is of the type which involves activity of the muscles acting on the opposite side of the 
joint concerned. Thus the proximal portion of the semitendinosus is reciprocally inner- 
vated in relation to the flexors of the thigh; the distal portion of the semitendinosus is 
reciprocally innervated in relation to the extensors of the knee. 

The relation of fiber length to range of action deserves some comment. Most of the 
authors of standard works on human anatomy comment on the relatively short length 
of the fibers in those muscles which act over two joints, and conclude that these muscles 
cannot act through the complete range of movement of both the knee and the hip joints. 
This conclusion ignores the fascial attachments of the semitendinosus, the rectus femoris, 
and the sartorius. These fascial attachments undoubtedly explain the observation that 
the muscles under discussion are still taut even when the knee joint has been moved 
through a range which theoretically would have taken up the available shortening if all 
of the attachment extended beyond the knee. Because of the fascial attachments in the 
human, it should be stated that those fibers which pull on the fascia of the thigh may act 
through their full range of movement irrespective of the position of the knee. Only those 
fibers which do not pull on the fascia are incapable of moving the hip joint when the knee 
is in certain positions. 

An elastic mechanism is said to be involved in some of the actions of muscles which act 
over two joints. For example, when the knee is completely flexed, the stretched rectus 
femoris tends to flex the hip unless other muscles prevent this movement; when the hip is 
fully extended by the hamstrings, the rectus femoris similarly tends to extend the knee. 
Thus the hamstrings bring about tensions which tend to oppose, or at least limit, the 
actions which they themselves produce, that is, they generate in the opposing muscles a 
resistance to the actions which they produce. This arrangement is said to provide a bal- 
anced elastic mechanism to facilitate a combination of extension of the hip with extension 
of the knee, and flexion of the hip with flexion of the knee, as is desirable in walking. This 
concept is truly a tempting one, but it must be questioned because of the following facts. 

The elastic, or resting, tension of the rectus femoris is increased only when the knee is 
fully flexed and the hip is fully extended. However, neither joint is moved through its full 
range in walking. Because the conditions of extreme movement of the hip and knee joints 
which would increase the elastic (resting) tension never occur during walking, it is incon- 
ceivable that this so-called elastic mechanism is ever involved in walking. The muscle- 
tension curves in published reports demonstrate that the resting tension of the muscles 
does not begin to rise prior to the last. few fractions of in situ elongation of a muscle. 

Instead of attempting to postulate an elastic mechanism in walking, it seems more 
reasonable to postulate an eccentric contraction of muscle. 

Eccentric contraction plays an important role in the activity of those muscles of the 
thigh which act over two joints. When the knee is flexed, a part of the rectus femoris is 
stretched. This stretching of the rectus femoris may initiate reflex stimulation and cause 
contraction of enough muscle fibers to bring about eccentric contraction of the rectus 
femoris. This stretching of the rectus femoris does occur when the flexion of the knee is 
only as great as during walking. 

When the rectus femoris of the dog was elongated by cortically induced contraction 
of the hamstrings, sensory impulses were recorded electrically from the peripheral part of 
the cut nerve to the rectus femoris. Sensory impulses were also recorded from the cut 
nerves to the vastus lateralis and vastus medialis when the knee was being flexed by cor- 
tically induced_contraction of the hamstrings; similar electrical impulses were recorded 
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from the cut nerves to the iliopsoas during extension of the hip. Obviously, the spinal cord 
receives proprioceptive stimuli arising from muscles which are elongated by movement of 
the hip, or the knee, or both simultaneously. The proprioceptive stimuli initiated by 
stretching of that part of the rectus femoris which passes over both the hip and the knee is 
influenced by the relative position of the two joints. Proprioceptive stimuli caused by 
stretching those muscles which act over both the hip and knee may initiate an eccentric 
contraction which in turn may facilitate a well coordinated combination of extension of 
the hip with flexion of the knee, as is desirable in walking. 

Specific muscles for specific actions were not identified under conditions of maximal 
stimulation. Each of the two-joint muscles of the thigh can cause movement only at either 
the knee or the hip, only when moderately strong movement is required and each is, in 
that sense, a specific muscle for a single joint. They are not specific for a single joint 
under conditions which require maximal strength of movement. In the dog, it was demon- 
strated that the starting position of the hip or the knee joint determines which muscle 
contributes most to movement away from the starting position. Even when the joints are 
passively placed in a position which shortens some muscle fibers beyond their minimal 
effective length, an action potential occurs. 

When movement is of moderate strength, only those muscles or parts of muscles which 
act on a single joint are activated. However, when the strength of movement is maximal, 
all of the fibers which can cause movement at that joint contract. Under conditions of 
maximal strength of movement, a second joint is moved unless antagonists act at the sec- 


ond joint. 

Force couples constitute one of the activities of muscles which act over two joints. 
These muscles are ideally arranged to participate in certain kinds of force couples. It was 
demonstrated that, during an extensor reflex, the quadriceps femoris contributes to the 
forcefulness of extension at the hip joint, — that is, when the limb is in a weight-bearing 
position, extension at the hip joint is weakened when the quadriceps is either denervated 
or detached from its insertion. 

The action can be compared to the attempt of the human to rise from a chair. The 
force exerted by the quadriceps extends the knee joint (Fig. 12,A). That portion of the 
hamstrings which bridges both the hip and the knee joints contracts isometrically or 
eccentrically throughout the first half of the range of movement (Fig. 12,8). Consequently, 
the force originated by the quadriceps is transmitted by the hamstrings to the hip joint 
and causes extension of the hip joint even though the hamstrings are not shortening. Our 
studies of the amount of movement of the tendons of the hamstrings during flexion of the 
knee do not unequivocally answer the question of whether isometric contraction of the 
hamstrings can explain the first half of this movement. Only during the last half of this 
movement need the hamstrings shorten appreciably to produce extension of the hip. 
Perhaps one of the functions of muscles acting over both the hip and the knee joints is 


participation in force couples. 

Stabilization of joints may be one of the functions of two-joint muscles. As is well 
known, during extension of the knee the femoral condyles roll forward and glide backward 
on the superior articular surfaces of the tibia. It appears probable that, when a person rises 
from a chair, two forces influence the tendency of the femur to glide over the surface of the 
tibia. The force exerted over the distal end of the femur drives it backward over the surface 
of the tibia (Fig. 13). This tendency to glide is counteracted by the force of the hamstrings 
which tend to pull the femur forward over the surface of the tibia. Prevention of excessive 
gliding at the knee joint during simultaneous extension at the hip and the knee apparently 
is one of the important functions of those muscles which act over these two joints. 


SUMMARY 


Evidence from functional studies in the dog and morphological studies in the human 
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suggests that all of the muscles of the human thigh can, by contraction, produce tension 
at one joint only. The evidence presented also indicates that movement at the hip without 
movement at the knee can be produced by a part of the rectus femoris, the sartorius, the 
gracilis, the semitendinosus, the semimembranosus, and the biceps femoris; and that 
movement at the knee without movement at the hip can be produced by the gracilis and 
the biceps femoris. 

Whereas most of the tension resulting in movement at two joints is transmitted by 
tendons to attachments to bone, most of the tension resulting in movement at a single 
joint is transmitted to fascia. 

Eecentric contraction of the parts of these muscles which act over two joints may 
facilitate coordinated, simultaneous movements at both the hip and the knee. 

The muscles which act over two joints are ideally arranged to participate in certain 
kinds of force couples. When the body weight is raised from a chair, some of the tension 
produced by the quadriceps femoris can be used by the hamstrings to extend the hip 
joint, even when the hamstrings are not shortening. 

Prevention of excessive gliding at the knee joint appears to be one funetion of two- 
joint muscles. 
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DISCUSSION 
Dr. W. M. Puecps, Battimore, Marytanp: I should like to discuss Dr. Markee's paper with regard 
to the two-joint function of the muscles which he has described. I have always wanted to determine why 
tight hamstrings sometimes cause flexion of the knee and at other times do not; this has interested me espe- 
cially in regard to spastic patients. The straight-leg-raising test used to test tight hamstrings is usually done 
with the patient's knee held perfectly straight; there is no contracture at the knee, and yet we call these 
hamstrings ‘‘tight’’. 

In other instances, especially in spastic patients, we find that there is considerable knee-flexion contrac- 
ture, which we also ascribe to tight hamstrings. This has always been rather confusing and we felt that some 
answer should be worked out. 

For years we have been injecting muscle bellies rather than nerves with novocain, to determine whether 
individual muscles are spastic or show contracture. When the muscle belly in a spastic muscle is injected with 
novocain, the spasticity disappears for a period of twenty to thirty minutes, so that it is easy to tell whether 
the muscle has a contracture or not. This test has been used for years and is very helpful in determining the 
procedures which should be carried out to obtain correction. We have found, as did Dr. Markee, that in the 
case of the semitendinosus the reaction depends upon where the muscle belly is injected. We have been able 
to place our injections very high in the muscle belly, above the gluteal fold, and find that we can then elim- 
inate the spasticity of the hip-extensor function of the hamstrings. However, if we inject this same 
muscle far down, in the lower part of the muscle belly, we can eliminate the spasticity of the knee-flexion 
component. This is merely a test which we have used to determine whether the spasticity is affecting the hip- 
extensor function of the semitendinosus or the knee-flexor function. This, I think, bears out Dr. Markee’s 


clinical observation. 


Dr. WiLt1aAM Green, Boston, Massacuuserts: If I may comment briefly on Dr. Markee’s paper, 
I think he has given us graphic evidence that the Lord really had very good plans for the construction of 
human beings and other animals. Since some muscles run across two joints, it would certainly be impractical 
to stabilize each joint with other muscles, so that one muscle can work locally at one joint. As Dr. Markee 
has pointed out, that is not what takes place. The fact that a particular muscle covers a wide expanse and 
crosses the two joints does not indicate that the muscle necessarily contracts as a single unit. Particular por- 
tions of such a muscle with its special attachments and integrations may work as a unit in carrying out 
particular functions. That is what Dr. Markee has demonstrated so well. 
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I. A COMPARISON OF THE METABOLISM OF STRONTIUM * IN LIVING 
AND Boner * 


BY ROBERT D. RAY, M.D., PH.D., DUANE LA VIOLETTE, B.S., HAROLD D. BUCKLEY, M.D., 
AND ROSCOE S. MOSIMAN, M.D., SEATTLE, WASHINGTON 


From the Division of Orthopaedic Surgery, University of Washington School of Medicine, Seattle 


INTRODUCTION 
The purpose of the following experiments was to compare the metabolism of radio- 
active strontium (Sr°°) in dead bone with that in living bone. It was felt that such a 
study would help to explain the roentgenographic changes observed in aseptic necrosis, 
to elucidate the mechanisms involved when bone-seeking radio-active elements, such as 
radium, fail to respond to treatment effective for mobilization of stable isotopes', and, 
further, to clarify the role played by the bone cells in inorganic salt metabolism. 
Clinically, avascular or aseptic necrosis may occur as the result of trauma, chemical 
poisoning (for example, phosphorus), emboli (for example, caisson disease), or as a result 
of radiation. In addition, there are instances of aseptic necrosis, such as epiphysitis of 
growth centers and osteochondritis dissecans, in which the specific causes are unknown 
but which are probably related to interruption of the blood supply. The diagnosis of aseptic 
necrosis is usually based on an apparent increase in density, seen roentgenographically, 
of the involved area of bone. With revascularization, areas of decreased density appear on 
the roentgenogram, which may erroneously be interpreted as ‘“‘fragmentation”’.° 
Various interpretations have been placed on the roentgenographic changes in density 
observed in aseptic necrosis. Phemister postulated that the necrotic bone is of the same 


density as normal bone, the appearance of increased density being due to an actual de- 


crease in the density of the adjacent living bone. Brailsford, on the other hand, suggested 
that the necrotic fragment, although deprived of blood supply, may acquire additional 
calcium from the surrounding tissue fluids and that the increase in density is real rather 
than relative. Experimental studies have led to contradictory conclusions. Kind, using 
autografts of bone placed intramuscularly in rabbits, reported that one third of the grafts 
showed decalcification as early as at the end of the first day, although hypercalcification 
occurred in two of the grafts which had previously been dried and freed of fat. Perrottet, 
in a study of bones necrosed in situ by heating (80 degrees centigrade for three minutes), 
found initial hypermineralization on the sixth and fifteenth days, followed by a return to 
normal on the twenty-first day. 

Radio-active isotopes have been used more recently to study the problem. Odell, 
Mueller, and Key studied the uptake of radio-active phosphorus (P*) in fresh autogenous, 
boiled, and frozen bone grafts placed intramuscularly in dogs and came to the conclusion 
that the acquisition of P® by the grafts was the function of the surface area exposed to 
the solution perfusing the bone. Fresh autogenous grafts picked up five times as much P” 
as did the boiled grafts and two times as much as did the frozen bone, a difference that 
these investigators thought was due to a change in the protein structure induced by the 
physical agents, as well as by the altered access of the perfusing solutions to the surfaces 
of the bone. Kiehn, Friedell, and MacIntyre carried out similar experiments on dogs, using 
iliae bone placed subcutaneously. They reported that in the first twenty-four hours the 
uptake of P® in the fresh grafts was 60 per cent. that of the intact ilium, but after ten 
days the percentage tended to increase. Boiled grafts showed an uptake of only 7 per cent. 
Frozen grafts, on the other hand, showed uptakes approximating those of fresh grafts, 

* This study was supported by National Institutes of Health Grant G-3523 and United States Atomic 
Energy Commission Contract AT (45-1)-34 14. 
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following an initial depression. These experiments are interpreted as indicating that 
cellular viability is not an essential factor in the uptake of inorganic salts by bone matrix. 
It has even been suggested that cellular activity may inhibit the process of the uptake of 
inorganic salts by the skeleton. Neuman and his associates", on the basis of in vitro 
studies with uranium, reported that fresh bone absorbed only 12 per cent. as much uranium 
as did bone ash. 

From the foregoing, it would appear that devitalized bone may acquire inorganic 
salts from the surrounding tissue fluids, but the corollary, the mobilization of inorganic 
salts from avascular bone, is less settled. In the following studies, the uptake and mobiliza- 
tion of Sr® by living and dead bone was compared, both in vive and in vitro. 

IN VIVO STUDIES 
Methods and Materials 

Grouping of animals: Two groups of Long-Evans female rats between two and three 
months of age and 220 to 344 grams in weight were used in the following two in vivo experi- 
ments on Sr °° uptake (eleven animals) and Sr * mobilization (fifteen animals). 

Uptake: In the first experiment, the right radius was removed, was frozen in liquid 
carbon dioxide for five minutes, and was thawed for five minutes in isotonic saline at 37 


degrees centigrade. The freezing and thawing procedure was carried out three times; then 
the bone was restored to its original location in the limb. Autopsies were done on sub- 
groups and both radii were removed on the second, fourth, eighth, sixteenth, and thirty- 
second postoperative days. Each animal had received a single injection of radio-active 
strontium intraperitoneally twenty-four hours prior to sacrifice. One of the frozen and 
thawed bones from each subgroup of rats was sectioned for histological study; the others 


were used for chemical analysis. 
Mobilization: In the second experiment, the same procedure was followed, with the 
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TABLE I 
Uptake Sr” in Vivo 


Autopsy 


Counts per Minute per Milligram Ash Weight X 107 


Postopera- 
tive Days 


Living Dead 
Sample Sample 


Postinjec- 
tion Days 


Ratio of Living to Dead Pone 


2682 B 
2080 BH 
2577 GH 
2485 B 

2046 GH 
2413 GH 
2506 BH 
1936 G 

2022 BH 
2392 B 
2284 G 


exception that the injection of radio-active strontium took place before the removal and 


1 7.25 5.38 
1 6.78 4.96 
1 5.26 3.13 
l 6.01 4.66 
l 8.18 5.14 
1 7.84 3.83 
1 7.50 3.20 
l 6.26 4.64 
1 5.85 4.73 

l 3.65 3.01 
7.73 5.18 


the treatment of the radius. 
Injection of radio-active strontium: The rats in both groups were given a single intra- 
peritoneal injection of 0.25 cubic centimeter of SrCl, (Sr °°) in isotonic saline, the solution 
containing an activity of approximately 51.6 microcuries per cubic centimeter. A one 
cubie centimeter tuberculin syringe shielded with lucite was used for the injections. 
Analysis of the bone: At autopsy, both right and left radii were removed for chemical 
analysis and activity determinations. The rest of the carcass was ashed in concentrated 
nitrie acid. The bones were weighed in crucibles, were dried to constant weight at 96 
degrees centigrade, were reweighed (dry weight), and were then placed in a muffle furnace 


Rat 


for eight hours at 600 degrees centigrade. Following this, the weight of the ash residue 


TABLE II 


MoBILIZATION OF SR" in Vivo 


Counts per Minute per Milligram Ash Weight x 107 


Postopera- 
tive Days 


Ratio of Living to Dead Bone 


2490 BH 
2453 BH 
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2475 G 
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2656 G 
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Photomicrograph (X 80) of a rat radius which had been repeatedly frozen and thawed 
and then reimplanted for sixteen days shows aseptic necrosis of bone and partial revascu- 
larization of the implant. 


was determined; the ash was dissolved in 20 per cent. nitrie acid, was diluted to volume, 
and an aliquot was removed for counting. 


Determination of activities: The stock solution of Sr°’-Y °° was prepared by dilution 
of a carrier-free sample of an equilibrium mixture of the isotopes supplied by Oak Ridge. 
This solution was calibrated in terms of microcuries per milliliter by comparison with a 


Sr*-Y * standard having a known disintegration rate. Samples were prepared for count- 
ing by mounting an aliquot (10 to 1000X) on a two-inch watch glass and by evaporating 
to dryness. Counting was done with a standard beta-gamma Geiger-Miiller counter with 
a decade sealer. A correction for source size was applied and 1,000 to 5,000 counts were 
totaled for each sample in order to minimize the statistical error in counting. Since radio- 
active strontium (Sr*°) decays to radio-active yttrium (Y °°)—sixty-five-hour half-life 
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Fig. 2 


Photomicrograph (X 160) of the same rat radius as that in Fig. 1 shows cellular de- 
tail in the articular cartilage; note the absence of cells in the bone. There was no evi- 
dence of new-bone formation either in or adjacent to the implant. 


all samples were held for at least fifteen days—five half-lives—before counting, so that 
equilibrium would be attained. 

Histological study: The right radius of one rat from each subgroup was sectioned to 
determine the effect of repeated freezing and thawing on the bone and to determine what, 
if any, histological changes occurred following reimplantation. The radius was fixed in 
Bouin’s fluid, was decalcified in versene, was dehydrated, was imbedded in low viscosity 
nitrocellulose, was sectioned, and was stained with B6hmer’s hematoxylin and eosin. 


Results 
Histological studies: The results of repeated freezing and thawing on the bone are 


illustrated in Figures | and 2, photomicrographs of a radius sixteen days after treatment. 
The lacunae are uniformly empty, but they retain their shape and show no evidence of 
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erosion.'’ In contrast, some nuclear detail is present in the chondrocytes and the cellular 
elements of the periosteum and marrow. There is no evidence of new-bone formation. 


UPTAKE OF Sr9° IN DEAD BONE COMPARED WITH UPTAKE IN LIVING BONE 


1.005 


Sr90/gm. ASH WT - LIVING BONE 
w 


“fm $r90/gm. ASH WT - DEAD BONE 


16 
DAYS POSTOPERATIVE 


Cuart Il 


_ One radius was removed, was frozen three times, and was then reimplanted (adult rats). Animals were 
injected with Sr twenty-four hours prior to autopsy. 


MOBILIZATION OF Sr9° FROM LIVING BONE COMPARED WITH MOBILIZATION 
FROM DEAD BONE 


“4m Sr9Vgm ASH WT -LIVING BONE 
“4m Sr9°Vgm. ASH WT. - DEAD BONE 


32 


16 
DAYS POSTOPERATIVE 


Cuart III 


Adult rats were injected with Sr. One radius was removed twenty-four hours later, was frozen 
three times, and was then reimplanted. 


THE JOURNAL OF BONE AND JOINT SURGERY 


| 
| x 
x 
| x 
x 
x 
x 
x 
x xX 
1.00 
x ~ 
x x x 
x x 
x 
x 
x 
50 
| 
2 4 8 


STUDIES OF BONE METABOLISM 


TABLE III 


oF py Bone 1n Two-Day Tissue CULTURES 


Statistical Analysis * 


Counts per Minute per Milligram Ash Weight X 107 


Rat 
Living Sample Dead Sample Living bone: 
Mean 1.78 * 104 
A 1.60 1.45 Standard deviation 0.17 X 10¢ 


Dead bone: 
B 1.63 1.71 Mean 1.63 X 104 
Standard deviation 0.12 X 104 


1.55 Standard error of the 
difference between the 
means 0.08 104 


The observed difference between the 
means is about 1.8 times the standard 
error of the difference between the 
two means, that is, the difference is 
not statistically significant. 


1D 1.70 1.57 


78 1.70 


F 


* All figures in statistical analysis are expressed in counts per minute per milligram of ash weight. 


From the histological sections, the method of repeated freezing and thawing, following 
destruction of the blood supply incidental to removal of the bone, is apparently effective 
in producing aseptic necrosis (confirming Ham’s studies). 

Chemical studies: There was a loss in actual weight of both the organic component 
and the ash component of the devitalized bone compared with the intact radius. (The 
rats were mature and the differences cannot be accounted for by growth of the untreated 
bone.) The percentage composition of ash (ratio of ash weight to dry weight) was higher 
in the devitalized radius than in the control bone. Statistical analysis revealed that 
this difference was significant (P value of less than 0.01). The change was progressive 
(Chart I). 

Uptake of radio-active strontium by devitalized bone: Although the rats in this experi- 
ment were all adult animals of stable body weight, there was considerable variation in 
the actual amount of Sr °° deposited in the skeleton (Table I). In order to make com- 
parisons, the ratio of the radio-activity in the devitalized radius to that in the intact bone 
on the opposite side was calculated (Table I and Chart II), each animal thus serving as 
its own control. It should be noted that the chart does not depict the uptake of Sr °° in 
terms of increasing time intervals following injection. Injections were made twenty-four 
hours before autopsy in each case. The devitalized bone showed approximately 70 per 
cent. as much uptake of Sr °° as did the control bone, and there was no apparent difference 
in the ratio one day after devitalizing the radius and thirty-one days afterwards. 

Mobilization of radio-active strontium from devitalized bone: As indicated before, a 
period of twenty-four hours was allowed to elapse between injection of Sr*° and repeated 
freezing and thawing of the radius in the rats in the second experiment. The counts ob- 
tained subsequently in the treated and control bones are given in Table II, and the ratios 
of the activity in the living to the activity in the dead radius plotted against the post- 
operative intervals are shown in Chart III. From the chart, it is apparent that, initially, 
Sr °° was mobilized more rapidly from the viable than from the devitalized radius, although 
an equilibrium was approached at thirty-two days. 
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Fic. 3 


Photomicrograph (X 1100) of a ten-day tissue culture of cancellous rat bone shows the 
presence of apparently viable cells in the culture. The culture medium contained Sr. 


Discussion 


Two factors must be taken into consideration in evaluating the results of these ex- 
periments. The first is the effect of repeated freezing and thawing on the bone. Apparently, 
from the histological sections, this treatment was followed by destruction of the osteocytes 
and osteoblasts. Necrosis of the cells was probably rapid. However, no conclusions can 
be drawn from a study of the histological sections concerning the effect of freezing and 
thawing on the matrix of the bone. The second factor is the effect of surgical removal of 


the radius and interruption of its blood supply on subsequently altering the surface area 
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4 
Photomicrograph (X 1100) of a ten-day tissue culture of bone treated by rapid freez- 


ing and thawing shows the absence of cellular elements. The culture medium contained 
Sr %, 


of the bone exposed to active circulation. Some revascularization of the devitalized bone 
occurred during the thirty-two-day experimental period, but this was far from complete. 

Hypermineralization of the devitalized bone was present by the second postoperative 
day and apparently was slowly progressive during the ensuing thirty days—this in spite 
of the fact that the dead bone picked up only 70 per cent. as much Sr“ as the intact 
radius. (Hypermineralization represents a balance between deposition and mobilization, 
whereas the strontium studies represent uptake primarily.) 


Interpretation of the results obtained in the second experiment is complicated by 
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TABLE IV 


UprakE or Sr" py Bone in Nine-Day Tissue CULTURES 


Counts per Minute per Milligram Ash Weight X 10~ 


Statistical Analysis * 


Living Sample 


Dead Sample 


Living bone: 


Mean 1.02 106 


1.00 


0.96 


1.02 


0.07 X 105 


Standard deviation 


Dead bone: 
Mean 
Standard deviation 


1.01 X 108 
0.03 X 108 


0.99 


Total Per cent. Sr * Remaining 
in Bone after 239 Hours 


Rat 


1.04 


1.00 


* All figures in statistical analysis are expressed in counts per minute per milligram of ash weight. 


the fact that the initial levels of activity in the bone were not determined. Although 60 
per cent. as much activity remained in the living as in the dead bone at the end of the 
experimental period, the changes in the ratio of the amouné in living to that in dead bone 
may represent actual changes in the amounts of Sr* in the living bone, dead bone, or 
both. The concentration of Sr in the blood following intraperitoneal injection drops 
rapidly during the first two days after injection, and then remains at a relatively constant 
level*. One would expect the normal radius, with a greater surface area exposed to the 


TABLE V 


MoBILIzATION OF Sr Bone Tissue CULTURES 


Standard error of the 
difference between the 


means 0.03 X 10° 


The observed difference between the 
means is about 0.3 of the standard 
error of the difference between the 
two means, that is, the difference is 
not statistically significant. 


Statistical Analysis 


Dead Sample 


Living Sample 


63.0 


. Sr %) 


(Units used: Per cent 


Living bone: 
Mean 
Standard deviation 


Dead bone: 
Mean 
Standard deviation 


Standard error of the difference between 


the means 


The observed difference between the means is 
about 13 times the standard error of the difference, 


that is, the difference is statistically significant. 
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declining circulating levels of activity, to lose activity more rapidly than the avascular 
bone. It is possible, however, that the dead bone, losing activity through the slower me- 
dium of diffusing fluids, might eventually reach the same equilibrium. On the other hand, 
it is also possible that little or no change in activity occurred in the avascular bone. 


IN VITRO STUDIES 


The foregoing studies are subject to a serious criticism: The circulation of the living 
and dead bone (and hence the surface areas exposed to body fluids) was different. Because 
of this, it was decided to carry out two parallel studies in tissue cultures in which the sur- 


face areas would be the same. 


Methods and Materials 
Uptake: Two litters of Long-Evans rats twenty-one to twenty-two days old were used, 
one litter for a two-day tissue-culture experiment and the other for a nine-day tissue-cul- 


ture experiment. Weights of the ani- 
mals ranged from thirty-seven to MOBILIZATION OF Pa FROM BONE IN VITRO 
forty-eight grams. The animals were 100 
sacrificed and the distal femora and 

proximal tibiae were dissected free, 

sterile precautions being used. The 

bones from the right and left extrem- 

ities were kept separate. The bones 90- 
were mounted in tube cultures, as 
previously described.'* The tubes 
containing bone from the left side 
were immediately supplied with 
seven milliliters of nutrient medium 
containing four microcuries of Sr°°. 
The tubes containing bone from the 
right side were subjected to quick- 
freezing temperatures in order to kill 
the bone and then were supplied with 
the same medium. All tubes were 
incubated at 37 degrees centigrade, 
the first experiment running for two 
days and the second for nine days, 
the medium being changed on days 60- 
two, five, and seven. The medium 


Dead Bone 


Bone 
@ 


in 


90 


Percent Sr 
2 


Living Bone 


was then removed, and the bone was 
washed with normal saline. The bone 
samples were transferred to previ- 


ously weighed crucibles, were dried, 50 
were ashed at 600 degrees centigrade, 40 80 120 160 200 240 
Time in Hours 

Cuart IV 


were weighed, and were transferred 
quantitatively to ten milliliter volu- 
metric flasks. Aliquots were taken for counting. 
Mobilization: Six twenty-one-day-old Long-Evans rats of the same litter, weighing 
thirty-eight to forty-two grams, were used. Each received a single intraperitoneal injection 
of thirty microcuries of Sr °° approximately forty hours prior to autopsy. Tissue cultures 
were prepared at autopsy as in the uptake experiment, with the exception that the medium 
was non-radio-active. The medium was changed at successive forty-eight-hour intervals 
over a ten-day period. The solutions were counted for radio-activity at each change of 
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medium, and at the end of the experimental period (ten days) the activity of Sr® re- 


maining in the bones was determined. 


Results 
Uptake: The data on the tissue cultures of comparable bone samples, of which one 
half were living and one half killed by freezing (Figs. 3 and 4) and all of which were main- 
tained for the same period (two days and nine days) in a medium containing Sr®°, are 
summarized in Tables III and IV. All of the samples increased significantly in radio- 
activity, but there was no significant difference between the ability of dead and living 
bone to take up Sr®® from the culture medium over an exposure period of either two or 


nine days. The variations observed could have occurred by chance. 

Mobilization: In contrast to the results on uptake, there was a definite difference in 
mobilization of Sr* from dead and living radio-active bone maintained in tissue cultures 
(Table V and Chart IV). Aithough slow mobilization occurred from the dead bone, mo- 
bilization occurred at a significantly more rapid rate from the living bone. 


Discussion and Conclusions 


From the foregoing experiments, it is concluded that viability of the bone cells is 
not essential in the process of inorganic salt uptake by bone, provided the organic matrix 


is present and normal. The term ‘‘uptake’”’, as used in this report, includes several possible 
processes: ionic exchange, recrystallization, and the formation of new crystals either in 
the old matrix or in conjunction with the formation of a new matrix. The latter can be 


demonstrated histologically in living tissue cultures of bone (Fig. 3). However, the amount 


of matrix formed over a ten-day period is probably insignificant in the over-all process of 


salt metabolism in tissue cultures, and, of course, need not be considered in the case of 
the dead bone (Fig. 4). Mobilization of the inorganic salts from bone, on the other hand, 
is facilitated by the presence of living cells. A corollary of these conclusions is that uptake 


of radio-active isotopes is probably not an accurate index of bone-cell “‘ viability’’. This 


confirms the conclusion previously suggested by the work of Odell and his associates. A 


second conclusion reached from the present experiment is that the change in radiographic 
density in aseptic necrosis of bone is probably the result of combined failure of mobiliza- 


tion of inorganic salts and continued uptake by the necrotic bone from the tissue fluids, 
in addition to the decrease in density of the surrounding viable bone,—that is, the in- 


crease in density of the dead bone is actual as well as relative. An interesting sidelight on 


these observations is that bone-seeking radio-active emitters, such as radium, probably 


become relatively fixed in the skeleton when radiation damage is sufficient to cause 


necrosis of the cells. 


Norte: The authors express their deep appreciation to Miss Joan Schmidt for her assistance in the tissue- 
culture studies 
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DISCUSSION 
THE PaLMerR Orpen RepuctTion OF FRACTURES OF THE CALCANEUS 
(Continued from page 106) 


1. The immobilization may be too long in some cases. This results in a painful, “‘frozen”’ foot, similar to 
the frozen shoulders we commonly see. Those of us who are old enough to remember when fractures of the 
hip were treated by double hip spiecas will remember the stiff knee joints which resulted from the long im- 
mobilization. 

Dr. Vernon Luck has coined the word ‘“‘arthrofibrosis” to denote a type of joint reaction characterized by 
pannus formation from the synovial membrane. This pannus carries chondroclastic cells which destroy the 
articular cartilage, leading to fibrous ankylosis. A significant etiological factor in the development of arthro- 
fibrosis is severe joint injury, and a second factor is disuse. If the two are combined, we are certainly inviting 
fibrous ankylosis. He has further shown by animal experimentation that early mobilization tends to prevent 
arthrofibrosis. Therefore, we have been decreasing the duration of plaster immobilization following surgery, 
recently to as short a period as four weeks. As soon as the cast has been removed, the patients begin a vigor- 
ous program of foot exercises for five minutes out of every hour, much the same as the quadriceps exercises 
commonly used following knee injury. Weight-bearing is not allowed for twelve weeks. 

With these modifications in Dr. Palmer's original technique, particularly in the postoperative care, we 
are as enthusiastic as Dr. Maxfield is about the method. 


Dr. Rosert Lee Parrerson, New York, N. Y.: I would like to compliment Dr. Maxfield and Dr. 
McDermott on a fine presentation. Two points in Dr. Maxfield’s technique are well worthy of note for those 
who are performing open replacement of the depressed articular surfaces: first, the temporary use of the 
Steinmann pin or Kirschner wire through the posterior fragment in order to control the talocaleaneal joint 
at the time of operation, and, second, the use of bone other than from the local area to fill in the space from 
which the depressed fragment has been elevated. 

The end-result study carried out by Dr. Maxfield has been well done. It is significant that the results in 
over 31 per cent. of his cases were judged as excellent, meaning that these individuals had no restriction of 
activity and no pain and were able to return to their regular occupation. Moreover, it is extremely important 
to note that four of the five men with results rated as excellent were covered by Workmen’s Compensation 
Insurance. Certainly, the return of an individual to gainful employment would make the operation worth- 


while. 
Continued on page 192) 
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EXPERIMENTAL STUDIES ON THE TREATMENT OF BONE AND JOINT 
TUBERCULOSIS WITH DIHYDROSTREPTOMYCIN AND ISONICOTINIC 
ACID HYDRAZIDE 


BY DR. FELIPE BASTOS MORA AND DR. LUIS PORTAL LLAMEDO, BARCELON A, SPAIN 


From the Clinic of Professor Bastos Ansart, Barcelona 


Knowledge of the treatment of bone and joint tuberculosis by the new drugs specific 
for this infection is empirical. Most of the published studies concerning this form of therapy 
merely report the results observed in human illness, with some provisional conclusions 
concerning the possibilities of cure. Almost all of the basic problems concerning this treat- 
for instance, the curative influence of the medicaments, sterilization of the 
are not even discussed in such reports. It is obvious that our knowledge 


ment—as, 
lesions, and others 
of these factors is incomplete. Tuberculosis of bones and joints is characterized by a great 
variety in the pathological changes, clinical manifestations, and the progression of the 
disease process. It is, therefore, difficult to standardize the results obtained with a new 
therapeutic agent. The lack of a sufficient number of cases which are strictly comparable 
makes any evaluation of different methods of treatment very difficult. Moreover, treat- 
ment of these patients is usually not limited to the administration of antibiotics but in 
most cases is carried out in association with classical orthopaedic and surgical procedures. 
Under these conditions it is rather difficult to determine the influence of each of these 
methods of treatment in the healing or improvement of the tuberculous process. 

Although results obtained from animal experiments can be applied to clinical practice 
only with reservations, such experimental studies do afford objective information which 
can hardly be obtained by clinical observation alone. 

Nevertheless, judging from the small number of articles in the literature, experimental 
investigations of bone and joint tuberculosis and its treatment are relatively few. Success- 
ful inoculation by ordinary methods has never been observed in autopsy reports in which 
visceral and glandular lesions have been carefully recorded. It is probable that in such 
animals the bacilli do reach the skeletal tissues, as well as other organs. This seems to 
be confirmed by studies in which the dissemination of bacilli in infected animals has been 
investigated ®, as well as by culture of marrow tissue in tuberculous guinea pigs and 
rabbits as was done by Attoire and Viallier. Usually, however, the bacterial implants 
remain unobserved and never furnish the necessary material for a therapeutic test. 

For an experimental study of treatment of bone and joint tuberculosis it is necessary 
to produce the lesions by direct inoculation in the skeleton. We have done this in our ex- 
periments and have obtained a large number of lesions suitable for testing therapeutic 
methods. In this paper we intend to discuss briefly the method of inoculation and the 
results observed in these experimental lesions after treatment with dihydrostreptomycin 
and isonicotinie acid hydrazide. 
MATERIAL AND METHODS . 
Rabbits and guinea pigs were used in all the experiments. Rabbits are more suitable 
because of their size, which facilitates both the inoculation and the pathological study of 
the lesions. Guinea pigs, on the other hand, are more sensitive to all kinds of bacilli, even 
the human strain, which is almost innocuous to rabbits. Moreover, they offer the im- 
portant advantage of presenting a noticeable lymphatic reaction, which is never observed 
in rabbits and which offers valuable information about the course of the illness and the 
effects of treatment. In all the experiments only males were used, since it was felt that 
pregnancy in the females might alter the evolution of the disease. In each group, animals 
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Fia. 1-A 


Extensive caseous focus in bone of a control rabbit, ninety days after inoculation. 


Fia. 1-B 
Photomicrograph of the lesion shown in Fig. 1-A. Note the extensive infiltrative area around the 
caseous mass. 


of the same strain, age, weight, and size have been used in order to obtain, in each case, 


identical or very similar lesions. 

For the same reason, bacilli of identical strain were always employed: Bacillus bovis 
Vallée, obtained by subculture on potato and injected in the form of emulsions, with 
concentrations of 0.5 or 1 milligram of humid weight of culture per cubic centimeter of 
emulsion. These bacilli had been previously tested to prove their sensitivity to dihydro- 
streptomycin. 

Infection of bone was obtained by inoculation on the lower end of the femur in rabbits; 
0.05 cubic centimeter was injected into the marrow cavity through a small orifice made 
in the cortex with a special trocar. By this method, thirty days later the first lesions ap- 
peared in the infected bone like ‘‘wax spots”’ of a very small size. About the third month 
these spots conglomerated and in the control animals developed into large caseous foci 
which filled almost the entire marrow cavity, with softened areas in the center and a strong 
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2-A 


Caseous focus in the femur of a rabbit treated with dihydrostreptomycin for fifty days. 


Fic. 2-B 
Photomicrograph of the same lesion, showing the histological changes. Note the central caseous 
mass and the limitation of the perifocal area of infiltration. 


lymphocytic reaction in the periphery (Figs. 1-A and 1-B). The main inconvenience of 
the procedure is that such lesions only appear in about one third of the inoculated animals 
chiefly because of technical errors, which can easily be avoided. In experiments now being 
conducted, we are using a special technique for inoculation and thus hope to gain greater 
uniformity of experimental material. It should be pointed out that the marrow cavity 
of the femur in rabbits has almost no cancellous bone; experimental “ osteitis’’, therefore, 


differs greatly from that in human subjects. 

Infection of joints was produced in the knees of both rabbits and guinea pigs. In 
both animals this joint is well situated for this purpose. Under the patellar tendon there is 
a synovial fold into which it is easy to inject the emulsion through the tendon. In this way 
the organisms are injected into the synovial tissue and not into the joint cavity. The 
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amount of the injection varies 
from 0.05 to 0.1 cubic centi- 
meter, with 0.5 milligram of 
bacilli per cubic centimeter of 
suspension. 

By these means lesions 
which appear and develop 
with great uniformity can be 
obtained in almost all animals 
which have been inoculated. 
These lesions appeared about 
fifteen days after the inocula- 
tion as a specific inflammation 
in the injected synovial area. 
About one month later the 
process invaded the entire 


Fia. 3 

Diagram showing the evolution of bone lesions in treated and 
untreated rabbits. 

A: Small caseous lesion with perifocal infiltrative area forty-five 
days after inoculation, at the beginning of treatment with dihydro- 
streptomycin. 

B: Large caseous focus and infiltrative area at the conclusion of 
the experiment, ninety-five days after inoculation, in a control 
animal. 

C: Reduced caseous lesion with no perifocal infiltration at the 
conclusion of the experiment in an animal treated with dihydro- 
streptomycin. 


synovial membrane, producing a caseous synovitis (Fig. 4). In the later stages the entire 
articular surfaces were destroyed and the underlying bone was invaded. It was thus possi- 
ble to produce a pathological condition closely simulating that found in clinical tubercu- 
lous arthritis. At the same time the infection spread outside the joint, appearing as 
extracapsular abscesses. The guinea pigs presented, in addition, a very noticeable lym- 
phatic reaction which led to a caseous adenitis in the inguinal region (Fig. 6). 
Inoculation of joints, in our experience, has furnished a more uniform material than 
inoculation of bone. We have found the technical procedures to be very simple and the 
results are practically constant. Moreovér, the pathological changes in experimental 
synovitis resemble the lesions found in human patients much more closely than do those 
in experimental “‘osteitis”’. For all these reasons, most of our therapeutic tests have been 


performed on experimental tuberculosis of the joints. 


Fia. 4 


Specimens from a control rabbit inoculated in the left knee, showing the swelling and thickening 
of the synovial lining. The normal knee is shown on the right. 
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Experimental procedure: 


No. of controls 
Without bone lesions 
With bone lesions 
No. treated with dihydrostreptomycin 
Without bone lesions 
With bone lesions 


groups. However, 


ductive reaction was observed (Fig. 1-B). 


Fia. 5-A 


Specimens from a rabbit inoculated in the knee joint. 
Treatment with dihydrostreptomycin was begun on the 
day of inoculation. No changes are apparent in the gross 
specimen. The knee shown on the right was not inoculated. 


FELIPE BASTOS MORA AND LU[S PORTAL LLAMEDO 


BONE LESIONS TREATED WITH DIHYDROSTREPTOMYCIN 


Twenty rabbits were inoculated in the distal end of 


the 


femur by means of the technique described. Of these, ten were employed as controls and 
the remainder were treated with dihydrostreptomycin. The treatment was begun forty- 
five days after the inoculation and lasted one and a half months. The daily dosage was 
0.1 gram administered in two injections every day. 

Results: The results at the end of the experiment were as follows: 


10 


It is evident that there is little difference between the number of infected animals in both 
the anatomical difference between the treated lesions and those not 
treated is very noticeable. In the latter a focus of caseation was found which filled nearly 
the entire marrow cavity (Fig. 1-A). Histological examination revealed a large area of 
lymphocytic infiltration, not clearly demarcated, around this mass. No defensive or pro- 


In animals treated with dihydrostreptomycin, the caseous focus was much smaller 
(about one millimeter). There were no areas of softening and the focus was clearly sepa- 
rated from the normal marrow tissue (Fig. 2-A). Histologically the peripheral zone of 
infiltration was very narrow and well demarcated (Fig. 4). No reaction of a defensive 


nature was observed in these treated 
animals. 

A comparative study between 
treated and untreated animals with 
bone lesions permits some interesting 
deductions. It is probable that the ab- 
sence of lesions in treated rabbits was 
not a consequence of treatment, for an 
almost identical situation occurred in 
the control animals. It may be con- 
cluded, therefore, that dihydrostrep- 
tomycin does not eliminate pre-existing 
bone lesions 

It is obvious, on the other hand, 
that the lesions in the treated animals 
were much smaller than those in the 
controls. The treatment, therefore, has 
a beneficial effect on the progression of 
the tuberculous lesions in bone. As has 
been stated, no defensive cellular 
reaction was observed, so that it would 
appear that the treatment had no in- 
fluence on the regressive or curative 
process. At the same time the lesions 
observed in treated rabbits were very 
similar to those observed in animals 
which were sacrificed before treatment 
was begun (Fig. 3). It would seem, 
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Photomicrograph of the lesion shown in Fig. 5-A, showing the persistence of the histological 
changes in the synovial membrane. 


Photomicrograph showing the synovial membrane of the normal knee. 
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therefore, that the effect of dihydrostreptomycin is only to inhibit the progressive course 
of the illness. 

This point of view seems to be confirmed by the histological examination. As has been 
said, the main difference between treated and untreated lesions is the extent of the periph- 
eral infiltrative zone. In this zone occur the phenomena of further infiltration and 
progressive caseation which lead to the enlargement of the initial focus. The intensity of 
these phenomena depends, of course, on the aggressive activity of the bacillus or its toxins 
and on the reaction of the normal tissues which surround the lesion. The inhibitory in- 
fluence of antibiotics can have the effect of decreasing this activity, so that there is no 
further peripheral infiltration and, therefore, a delay in enlargement of the area of casea- 


tion. 
From these observations it seems reasonable to assume that, once the caseous focus 


has formed, the dihydrostreptomycin can act only to inhibit the progression of the specific 
alterations already present. It would seem to have very little influence or none on the 


process of healing of the existing lesion. 
The results observed in these experiments are very similar to those obtained by Koch 


in an interesting paper on experimental bone tuberculosis and its treatment with strepto- 
mycin and several other therapeutic agents. Koch observed, as did the authors, a noticea- 
ble reduction in the size of experimental bone lesions of the femur in rabbits treated with 
streptomycin; however, he never observed complete elimination of the lesion. 


ANATOMICAL CHANGES IN SYNOVIAL LESIONS TREATED WITH DIHYDROSTREPTOMYCIN 
AND ISONICOTINIC ACID HYDRAZIDE 


1. Knee Joints in Rabbits: Treatment Started on Day of Inoculation 


Experimental procedure: Fifteen rabbits inoculated in the kree joint were used in this 
experiment. Five of these were used as controls. Five were treated with dihydrostreptomy- 
cin for fifty days, with a daily dosage of 0.1 gram given in two injections. The other five 
rabbits were treated with isonicotinic acid hydrazide for the same period, with a daily 


dosage of six milligrams administered orally twice a day in concentrated solution. It is 
important to note that this treatment was begun on the day of inoculation, in order to 
observe the preventive effect of these drugs on the recent bacterial implants in the synovial 


membrane. 
Results: The results in this group of experiments were as follows: 


No. of controls 
With extensive gross lesions 
No. treated with dihydrostreptomycin 5 


With extensive gross lesions 0 

With limited gross lesions 2 

With microscopic lesions only 3 
No. treated with isonicotinic acid hydrazide 5 

With extensive gross lesions 0 


With limited gross lesions 
With microscopic lesions only 


A considerable difference may be noted between the treated and the untreated animals. 
None of the treated animals presented, at the end of the experiment, the extensive lesions 
which were a constant finding in the controls. In the latter, the caseous synovitis extended 
throughout the joint (Fig. 4), while in the treated specimens it was limited to the area in 
which the inoculation had been made and, in most of these, the alterations were evident 


only upon microscopic examination (Figs. 5-A, 5-B, and 5-C). 

It is important to note that all the animals treated under the conditions described 
showed, at the end of the experiment, persistence of the specific lesions. In fact, the com- 
plete disappearance of such alterations was not observed in any case. Even in those cases 
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Specimens from a control guinea pig sacrificed three months after inoculation, showing 
the intra-articular changes and an extracapsular abscess in the knee which had been 
inoculated. The normal knee is shown on the right. 


Fic. 7 
Photograph showing the lesions in a guinea pig thirty-five days after inoculation, at 
the beginning of treatment. 
in which gross examination showed no difference between the inoculated limb and the 
contralateral limb, histological studies revealed the presence of typical tuberculous lesions 
(Figs. 5-A, 5-B, and 5-C). 

The authors wish to emphasize this fact, which they consider one of the most signifi- 
cant findings in their experiments. As has been said, most of the animals treated in this 
way presented only histological evidence of tuberculosis, but no macroscopic evidence. 
It is obvious that in a routine autopsy such lesions would not have been detected. Only 
through a careful study of the zone in which the lesions were expected to be, as was done 
in these experiments, is it possible to discover such microscopic evidence of tuberculous 
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‘Fic. 8-A 


Photograph showing anatomical changes in a guinea pig after treatment with dihydro- 
streptomycin. 


Fic. 


Photograph showing anatomical changes in a guinea pig after treatment with isonico- 
tinic acid hydrazide. 


foci. The authors believe, therefore, that these studies afford more accurate information 
than can be obtained by other methods of experimentation in vivo. 

Other studies on the inhibiting influence of streptomycin on recent synovial lesions 
have been reported in the literature. Pogolotti, in 1949, inoculated the knee joints of ten 
guinea pigs and four rabbits previously treated with streptomycin, in order to observe the 
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Fic. 9 
Photomicrograph of the synovial membrane of a guinea pig treated with isonicotinie acid 
hydrazide, showing the persistence of histological changes, the demarcation of the infiltrative area, 
and the absence of a healing reaction; a, normal synovial tissue; 6, caseous mass with some 
central areas of softening; c, pericaseous infiltrative area. 
prophylactic effect of this drug on the development of tuberculous arthritis. At the end of 
his experiment he did not observe any favorable change in treated animals compared with 
controls. He concluded, therefore, that specific treatment will not prevent the development 


of hematogenous dissemination to the synovial tissues. This has also been our conclusion, 
since we observed the persistence of lesions in all treated animals. However, unlike Pogo- 
lotti, we have observed a great difference between treated and untreated rabbits, which 
offers clear-cut proof of the positive effect of the antibiotics. 


Fic. 10 


Photographs of specimens from treated and untreated guinea pigs. On the left, a control animal; 
center, specimen from an animal treated with isonicotinic acid hydrazide; on the right, specimen from 
an animal treated with dihydrostreptomycin. 
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Fig. 11-A Fig. 11-B 
Evolution of the lymphatic reaction in untreated guinea pigs. 
Fig. 11-A: Photograph of a specimen removed thirty-five days after inoculation. 
Fig. 11-B: Photograph of a specimen removed forty-five days later. 


2. Knee Joints of Rabbits: Treatment Started Forty-five Days after Inoculation 


Experimental procedure: Thirty rabbits were inoculated in the knee joint by the same 
technique as the previous group. Of these, ten were treated with dihydrostreptomycin and 
ten with isonicotinic acid hydrazide during a period of fifty days, and ten were used as 


Fig. 12-A Fic. 12-B 
Progression of the lymphatic reaction in guinea pigs treated with dihydrostreptomycin. 
Fig. 12-A: Photograph of a knee joint removed thirty-five days after inoculation, at the be- 
ginning of treatment. 


Fig. 12-B: Photograph of a knee joint removed after forty-five days of treatment with dihydro- 
streptomycin. 
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controls. The dosage was the same as in the previous experiment, but treatment was not 
initiated until forty-five days after the injection, when all the animals showed swelling 
and clinical evidence of tuberculous infection of the joint. 

Results: All of the treated animals, both those treated with dihydrostreptomycin and 
those treated with isonicotinic acid hydrazide, showed caseous infiltration of the entire 
joint at the end of the experiment. Grossly and histologically this differed very little from 
the lesions observed in the ten animals used as controls. 

It is obvious that in these cases treatment had no influence, or at least very little 
influence, on the progress of the synovial infection. However, the conditions in this ex- 
periment differed greatly from those in the preceding experiments. In this group treatment 
was not administered until the lesions showed an advanced stage of development. They 
did not show significant changes during the period of treatment compared to the control 
animals. It appears, therefore, that by the time treatment was begun the lesions were in a 
stage of inactivity or stabilization. 


3. Knee Joints of Guinea Pigs: Treatment Started Thirty-five Days after Inoculation 


Experimental procedure: Forty guinea pigs were used in this experiment and were 
divided into four groups: 

Group I: Ten control animals sacrificed at the end of the experiment (at three 
months) ; 

Group II: Ten control animals sacrificed thirty-five days after inoculation, at the 
time when treatment was begun in Groups III and IV, in order to study the pathological 
changes present when treatment was begun; 

Group III: Ten animals treated with dihydrostreptomycin during fifty days with a 
dosage of 0.04 grams per day. Treatment was begun thirty-five days after inoculation; 

Group IV: Ten animals treated with isonicotinic acid hydrazide for the same number 
of days and at the same time as the animals in Group III, with a dosage of six micrograms 
a day. 

Results: All the animals in Group I (controls sacrificed at the end of the experiment) 
showed extensive involvement of the infected joint, with extracapsular abscesses and 
marked lymphadenitis in the inguinal region (Fig. 6). 

The animals in Group II (controls sacrificed thirty-five days after infection, without 
treatment), showed much smaller lesions. There was caseation and infiltration of the 
synovial membrane, with very slight swelling of the joint. No extra-articular spread was 
noted and the lymphatic reaction was confined to a moderate adenitis of a single gland 
(Fig. 7). 

In Groups III and IV (treated with dihydrostreptomycin and isonicotinic acid hy- 
drazide, respectively, beginning thirty-five days after inoculation) the pathological changes 
were even less evident. The infiltration of the synovial membrane was barely apparent 
and in most cases was evident only upon histological examination. There was little swelling 
of the joint and no extra-articular spread (Figs. 8-A and 8-B). No gross evidence of lym- 
phadenitis was found in most of the cases, and only accurate dissection and histological 
examination demonstrated the presence of this reaction. Nevertheless, in all of the speci- 
mens it was possible to demonstrate, by these means, the persistence of specific tubercu- 
lous lesions, both in the synovial membrane and in the corresponding lymph glands (Figs. 
9 and 10). On the whole, all of these lesions were somewhat smaller than those in Group II 
but very similar to them. 

It is important to note the development of the lymphatic lesions under treatment. 
As was demonstrated in Group II, all the inoculated animals showed, at the beginning of 
treatment, a small but distinctly noticeable adenitis in the inguinal region, with evident 
involvement of the lymphatics. The evolution of this lymphatic reaction was quite differ- 
ent in the treated and the untreated animals. In the former, the adenitis apparently disap- 
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peared about fifteen days after the beginning of treatment and there was no visible evi- 
dence of lymphangiitis. In untreated animals, on the other hand, the adenitis was very 
noticeable as a caseous adenitis involving several glands and there was a marked lym- 
phangiitis (Figs. 12-A and 12-B). The similarity of the lymphatic reaction here to that 
occurring in the primary complex of a pulmonary tuberculous infection is noteworthy. 

The difference observed between the treated animals and the controls sacrificed at 
the time treatment was begun in the other groups shows the great influence of treatment 
on experimental joint tuberculosis. However, as in former experiments, it was not possible 
to prove the total disappearance of all evidence of infection. Moreover, it was not possible 
to demonstrate even a positive curative or regressive influence on these initial lesions. 
If the similarity between the specimens of Group II and those of Groups III and IV is 
considered, it will be realized that there is not a great difference in the lesions before 
and after treatment, except for the changes in the lymphatic complex. This appears to 
confirm the fact that the main influence of the drugs consists in delaying the progression 
of the infection rather than in actually curing it. On this basis it should also be possible to 
explain the apparent contradiction between these results and those in the preceding 
experiment. In this series treatment was administered during the active or progressive 
stage of the infection, as was shown by the difference between the specimens of Groups I 
and II, while in the preceding series the treatment coincided with a period of inactivity or 


stabilization of the tuberculous infection. 


SUMMARY AND CONCLUSIONS 


The results observed in different specimens allow us to draw some preliminary con- 
clusions concerning the influence of treatment with dihydrostreptomycin and isonicotinic 
acid hydrazide on the anatomical changes of tuberculous lesions. These conclusions may 
be summarized as follows: 
Dihydrostreptomycin and isonicotinic acid hydrazide administered in large quantities 
do not appear to bring about a complete reversal of specific changes. This was found to be 
true even when treatment was begun simultaneously with the inoculation. 
In almost all of the cases treatment proved highly beneficial in respect to progression of 
the experimental lesions. In all treated animals the lesions were smaller than in the controls 
and were more sharply demarcated. The drugs appeared to have the greatest influence on 
the development of the lymphatic lesions. In no instance was there histological evidence of 
cure or of the development of a productive or cicatricial reaction as the result of treatment. 
A comparative study of specimens obtained before and after treatment showed that 
the main action of the drug is to inhibit the spontaneous progressive course of the process. 
There is little influence on its regression. 
A comparison between animals treated with dihydrostreptomycin and isonicotinic 
acid hydrazide in equivalent doses shows almost no difference between the effects obtained 
with the two drugs. 
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RIGID VALGUS FOOT DUE TO TALOCALCANEAL BRIDGE *7 


BY R. I. HARRIS, M.B., F.R.C.S.(C.), HON. F.R.C.S. ENG., TORONTO, ONTARIO, CANADA 


In 1948, Harris and Beath* reported that fifteen of their seventeen cases of rigid 
valgus foot (peroneal spastic flat-foot) were due, not to peroneal spasm, but to congenital 
fusions of the major tarsal bones. They were able to recognize two such congenital anom- 
alies. The first, caleaneonavicular bar, had already been recorded as a cause of rigid valgus 
foot by Slomann in 1921 and by Badgley in 1927. The second congenital anomaly, talo- 
caleaneal bridge, for the first time was reported by them as a cause of rigid flat-foot, al- 
though it had been recognized by anatomists for fifty years as a deviation from normal 
structure.® 

The present paper records further experience with the variety of rigid valgus foot 
which is due to talocalcaneal bridge and calls particular attention to a group of cases in 
which the anomaly falls short of producing a complete bony bridge from talus to caleaneus 
and hence is more difficult to recognize both clinically and roentgenographically. 


REVIEW OF KNOWLEDGE RESPECTING TALOCALCANEAL BRIDGE 


The fundamentals of the problem may be reiterated briefly. The foot problem with 
which we are here concerned is due to a congenital bond between the talus and the cal- 
caneus on their medial surfaces. This anomaly is one of a group, all of which result in stiff 
and deformed feet. The clinical picture is commonly designated “rigid flat-foot”’ or “ per- 
oneal spastic flat-foot”’. In the fully developed type of the lesion we are now discussing, in 
which a solid bridge of bone unites the talus to the calcaneus, neither of these terms ac- 
curately describes the condition, since the foot is not always flat and the peroneal muscles 
are not always in spasm. Even when peroneal spasm is present, it is not a primary etiolog- 
ical factor but is secondary to strains which result when abnormal stresses are imposed 
upon a tarsus in which movement is limited. The term “rigid valgus foot”’ is a broader and 
more widely applicable designation, especially when followed by the name of the anomaly 
which is its cause. 

There are two elements in the clinical picture: (1) deformity and (2) absence or great 
limitation of movement at the subtalar joint. 

The degree of deformity varies within wide limits; it may be slight or it may be severe. 
In a characteristic case of moderate severity, there is a valgus tilt of the heel and usually 
valgus at the mid-tarsal joint also (Figs. 1-A, 1-B, and 1-C). The more severe cases, in ad- 
dition, have marked depression of the longitudinal arch. In many cases the deformity is 
slight, even though there is complete fusion of the talus to the caleaneus. The severity 
of the deformity does not necessarily correspond with the degree of structural anomaly. 
The deformity is continuously present. It cannot be corrected voluntarily and does not 
disappear when the feet are relieved of superimposed weight, because the fixation of the 
subtalar joint precludes movement. 

Loss of movement at the subtalar joint is always present and is the most characteristic 
feature of the lesion. The examiner may have difficulty in satisfying himself on this point. 
Tilt of the talus within the mortise of the ankle joint and movement at the mid-tarsal 
joint may give a false impression that the caleaneus does invert under the talus. The 
method of examination should be concentrated upon movement of the calcaneus under the 
talus. This can best be accomplished by grasping the heel without regard to the fore part 
of the foot and attempting to tilt it into inversion and eversion. The foot should be main- 


*Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia, 
June 30, 1953. 
+ Revised manuscript received for publication August 19, 1954. 
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Fig. 1-A Fia. 1-B Fig. 1-C 


Fig. 1-A: A characteristic example of severe rigid valgus foot on the left side, showing flattening of 
the longitudinal arch and valgus of the mid-tarsal joint. (Reproduced, by permission of E. and 8. Liv- 
ingstone Ltd., from The Journal of Bone and Joint Surgery, 30-B: 630, Nov. 1948.) 


Fig. 1-B: The deformity persists unchanged when weight is removed from the feet. 


Fig. 1-C: Valgus of the heel is evident in the photograph. 


tained at right angles to the leg in order to eliminate tilting of the talus in the ankle joint. 
This manoeuvre makes it possible to ascertain that there is little or no movement at the 
subtalar joint. 

The attempt to invert the calcaneus beneath the talus causes the peroneal tendons to 
become taut, especially if the foot is in plantar flexion at the ankle joint, so that some 
tilting of the talus can occur. This gives an impression that the peroneal muscles are in 
spasm. In most cases there is no spasm of the peroneal muscles; the apparent spasm is 
merely tautness of the peroneal tendons, which have shortened in adaptation to a long- 
continued valgus deformity. Under certain circumstances, however, peroneal spasm may 
be present. It occurs when abnormal stresses have strained those tarsal joints in which 
there still is movement (the talonavicular joint, or the talocalcaneal joint when fixation of 
that joint is incomplete, the result of an incomplete talocalcaneal bridge). Formerly we 
believed that peroneal spasm did not occur in rigid valgus foot and that what appeared 
to be peroneal spasm was in reality tautness of the peroneal muscles. In the majority of 
cases this is true, but study of the cases of incomplete talocalcaneal bridge reported in this 
paper demonstrates that peroneal spasm can occur when such a foot is wrenched. It should 
be emphasized, however, that peroneal spasm is not the cause of rigid valgus foot but is the 
consequence of stress upon a foot the movements of which are abnormally limited. 

Rigid valgus foot due to talocaleaneal bridge (as well as to other anomalies of bone 
structure) probably exists from birth. An observant parent sometimes detects the rigidity 
of the foot in early childhood, even in the absence of deformity. Occasionally, a patient is 
seen with severe deformity which has been present from birth (congenital calcaneovalgus). 

In early life rigid valgus foot causes few or no symptoms. Incomplete talocalcaneal 
bridge is more apt to cause symptoms, which appear at an earlier age and are more severe 
than complete talocalcaneal bridge. In childhood, disability from pain usually is not great 
even when deformity is severe. A significant degree of foot discomfort is apt to appear first 
in adolescence or in young adult life; sometimes it does not appear until middle life. Trauma 
is often the final factor which gives rise to symptoms; this may take the form either of a 
single injury, such as a fall or jump, or of repeated daily stresses as in marching or long 
hours of duty on the heaving deck of a ship at sea. 

Our present experience leads us to the belief that most, if not all, of the cases of rigid 
valgus foot unrelated to arthritic disease are due to congenital fusions of the tarsal bones. 
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Fic. 1-D 
Upper view: Lateral roentgenogram of the rigid left foot, which shows marked lipping of the talo- 
navicular joint, marked thinning of the articular space of the talocalcaneal joint, and obliteration of the 
joint between the sustentaculum tali and the neck of the talus. 
Lower view: Roentgenogram of the normal right foot. (Reproduced, by permission of E. and 8. Liv- 
ingstone Ltd., from The Journal of Bone and Joint Surgery, 30-B: 631, Nov. 1948.) 


Fia. 1-E 

Oblique posterosuperior projections showing the normal joint between the sustentaculum tali and the 
neck of the talus in the right foot and the bony bridge between the talus and the calcaneus in the left 
foot. (The roentgenograms shown in Fig. 1-E were obtained by the technique shown in Fig. 3.) (Repro- 
duced, by permission of E. and 8. Livingstone Ltd., from The Journal of Bone and Joint Surgery, 30-B: 
631, Nov. 1948.) 
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Pade SUSTENTACULUM TALI 


“ANGLE OF SLOPE O 


Fic. 3 

Photograph showing the roentgenographiec projec- 
tion necessary to reveal the presence of a talocalcaneal 
bridge. The angle of projection is from behind, for- 
ward and downward. Two or three roentgenograms 
should be made with projection angles of 45, 40, and 
35 degrees. (Reproduced, by permission of E. and 8. 
Livingstone Ltd., from The Journal of Bone and Joint 
Surgery, 30-B: 625, Nov. 1948.) 


Fig. 2 

Drawing showing the angle of slope of the sustentaculum tali. With the patient standing and the 
foot roentgenographed with a horizontal beam, the slope of the articular facet of the sustentaculum 
tali can be visualized. When the slope is projected down to the horizontal base line, it forms an angle 
which can be measured. This angle of slope of the sustentaculum tali varies within wide limits 
(from 10 to 60 degrees), but in the vast majority of cases (90 per cent.) it falls within a range of 
25 to 45 degrees, and in 60 per cent. within a range of 28.5 to 40 degrees.® 


These fusions frequently develop from 
accessory tarsal bones which fail to be- 
come separate entities but are attached 
to the tarsal bones adjacent to them 
(os sustentaculare in the case of talo- 
caleaneal bridge). 

Peroneal spasm is certainly a factor 
in producing a valgus deformity in feet 
which are attacked by rheumatoid ar- 
thritis. Eventually these feet become 
rigid in the valgus position because of 
damage to the tarsal joints. However, 
these cases of rigid valgus foot form a 
group by themselves easily recognized 
as part of a generalized arthritic disease 
causing deformities in feet which had 
previously been normal. 

Roentgenography is an important 
agent in the diagnosis of these congenital 
tarsal fusions, as indeed it is in all 
structural foot problems. Harris and 
Beath®, in 1948, recommended a roent- 
genographic technique which displayed 
the talocaleaneal bridge when it was 
complete or nearly complete. In a normal 
foot an x-ray beam, projected through 
the foot from behind, downward and 


forward, at an angle of 45 degrees or somewhat less, will pass through the plane of the 
joint between the sustentaculum and the neck of the talus, clearly revealing this joint. 
When a talocaleaneal bridge is present, the shadow of its mass obscures the joint. In its 
place a bony knob is seen. The resulting roentgenogram is distinctive especially when the 
lesion is unilateral, so that the abnormal foot can be compared with the normal foot (Figs. 
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Fig. 5: Subtalar fusion in the 
treatment of fracture of the cal- 
caneus, resulting in lipping of the 
head of the talus. 

Upper view: Roentgenogram made 
in 1942, at the time of accident. 

Lower view: Roentgenogram made 
in 1954, eight years after subtalar 
fusion. Obliteration of movement 
in the subtalar joint distorted 
movement in the  talonavicular 
joint. This was manifested by the 
development of a small beak at the 
anterosuperior corner of the head 
of the talus (arrow). When this 
results from a congenital anomaly 
such as a talocaleaneal bridge, the 
effect is greater, since the stresses 
of abnormal movement in the joint 
are accentuated by growth. 


1-E, 2, 3, and 4-B). If the 
anomaly is incomplete, how- 
ever, it may be difficult to 


demonstrate its presence by 
roentgenogram. 

In addition to the pri- 
mary lesion, roentgenography 
‘an demonstrate secondary 
changes of great, significance. 
Fixation of two major tarsal 
bones (in this instance the 
talus and the caleaneus) dis- 
turbs the complex perfection 


of movement in the subtalar- 
mid-tarsal set of joints and 
results in abnormal binding 
and cramping of joint sur- 
faces at the extreme of the 
are in some planes of move- 
ment. This results in osteo- 
arthritic lipping, most con- 
spicuous at the superior mar- 
gin of the head of the talus. 

Furthermore, the talo- 
bridge which binds 

Fic. 5 these two bones together 

interferes with the develop- 

ment of the articular cartilage of the subtalar joint; this is recognizable in the lateral 
roentgenogram by thinning of the subtalar joint space (Figs. 1-D and 4-A). 

In the lateral roentgenogram there also can be noted the absence of a clear 
picture of the joint between the sustentaculum tali and the neck of the talus (Figs. 1-D 
and 4-A). 

That lipping of the superior margin of the head of the talus results from obliteration 
of movement at the subtalar joint is evidenced by the development of this change after 
arthrodesis of the subtalar joint in the treatment of fractures of the calcaneus. Figure 
5 shows a case in which such osteo-arthritic lipping developed over a period of eight 
years. It must be recorded, however, that cases of talonavicular lipping following op- 
erative fusion of the subtalar joint in adults are infrequent. Perhaps the nearly constant 
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presence of these changes with congenital fusions, such as talocalcaneal bridge, is caused by 
stresses resulting from growth superimposed upon stresses due to abnormal movement. 
Long-term assessment of the small children upon whom Grice has performed his valuable 
operation should throw some light on this problem. 


EXPERIENCE WITH CASES OF INCOMPLETE TALOCALCANEAL BRIDGE 


It was formerly our opinion that probably all cases of talocalcaneal bridge could be 
visualized by this roentgenographiec technique. Even those cases in which the bridge of 
bone was not quite complete, the narrow gap being filled by a bond of fibrous tissue or 
cartilage, still displayed the shadow of an abnormal mass of bone (Fig. 4-B). At that 
time we had not encountered a case of rigid valgus foot which could not be demon- 
strated by roentgenogram to be due either to caleaneonavicular bar or to talocaleaneal 
bridge. In the ensuing years, however, we have encountered several characteristic cases of 
rigid valgus foot which displayed no direct roentgenographic evidence of these congenital 
fusions. Conversation and correspondence with our colleagues indicate that they also 
have had difficulty in demonstrating that every case of rigid valgus foot is associated with 
a bony anomaly which can be demonstrated by roentgenogram. We have therefore 
devoted much thought, time, and effort to the investigation of these cases and report our 
findings in this paper. 

Most of these patients with rigid valgus feet without roentgenographic evidence of a 
congenital fusion of the tarsal bones presented the characteristic secondary osteo-arthritic 
lipping of the superior margin of the head of the talus (Fig. 6-A). This is evidence that 
movement at the subtalar joint is limited and distorted. It seemed reasonable, there- 
fore, to look for some mechanical interference with the movement of this joint, even though 
roentgenographic evidence was lacking. Of the two anomalies which are known to cause 
this secondary joint change, calcaneonavicular bar is relatively easy to demonstrate by an 
oblique roentgenogram. The demonstration of talocalcaneal bridge requires much more 
careful roentgenographic technique. It seemed possible that these exceptional patients 
might be suffering from an incomplete talocalcaneal bridge so disposed that it could not 
readily manifest itself in the roentgenogram. 

On this reasoning we have operated upon ten cases and have had the opportunity to 
observe four other cases operated upon by our colleagues. The operative approach was 
from the medial side and in every case it was possible to demonstrate that the movement 
of inversion at the subtalar joint was grossly impaired by an abnormal bone mass which 
acted as a block. In nine cases the bone block was attached to the posterior margin of the 
sustentaculum tali. It was not sufficiently large to reach and fuse to the body of the talus 
and the tip of the mass was separated from the talus by connective tissue. However, it was 
of such a size and so disposed that, when the caleaneus began to invert beneath the talus, 
the tip of the mass impinged on the medial side of the body of the talus and obstructed 
further movement. It thus acted as a bone block to hold the heel in valgus (Fig. 11). The 
remaining five cases were most interesting, for in these bilaterally rigid valgus feet a small 
mass of bone attached to the body of the talus projected downward across the subtalar 
joint to overlap the medial side of the body of the calcaneus, immediately posterior to the 
sustentaculum tali. It resembled a malleolus and formed a mortise enclosing the upper and 
medial surfaces of the calcaneus. There actually was a true articular surface on the deep 
side of the mass covered with articular cartilage and a corresponding articulation on the 
medial surface of the body of the calcaneus (Fig. 12). 

So far every case of rigid valgus foot lacking direct roentgenographic evidence of 
talocaleaneal bridge which we have explored has presented the phenomenon of bone 
blocking, due either to a bone mass springing from the posterior margin of the sustentacu- 
lum and impinging upon the body of the talus, or to a lip projecting downward from the 
body of the talus to overlap the articular margin of the calcaneus. These bone masses are 


VOL. 37-A, NO. 1, JANUARY 1955 


j 


178 R. I. HARRIS 


so disposed that they do not obstruct the x-ray beam when projected downward and for- 
ward through the plane of the joint between the sustentaculum tali and the neck of the 
talus. Hence their presence is not directly revealed by roentgenograms. So far we have 
not been able to devise a roentgenographic technique which will reveal them. 

Many cases of talocaleaneal bridge consist of two bony masses, one springing from the 
talus, intimately bound by fibrous tissue or cartilage to a similar mass springing from the 
sustentaculum tali (Fig. 10). It seems probable that this tarsal anomaly is derived from 
two elements contributed respectively by the talus and the calcaneus. In the more ad- 
vanced cases, the talar and the caleaneal elements fuse into a solid bridge of bone (Fig. 9) 
or meet one another and are bound together by dense fibrous tissue (syndesmosis) or by 
cartilage (synchondrosis) (Fig. 10). It now seems evident that there can be cases in which 
only a single element exists, which may be either calcaneal or talar. It may not be revealed 
by roentgenograms, but its size and position are such that it acts as a bone block to ob- 
struct inversion and hold the heel in valgus. 

On the basis of our present knowledge it may be concluded that, in addition to the 
fully developed examples of talocaleaneal bridge described in 1948%, there are examples of 
incomplete development of this anomaly. They are not capable of direct demonstration by 
roentgenogram, although the roentgenogram may demonstrate secondary changes due to 
anchoring of movement in the subtalar joint. These incomplete lesions can be demon- 
strated only by operative exposure. They cause rigid valgus foot by acting as a bone block. 

Since this type of lesion cannot be visualized directly by roentgenogram, the diagnosis 
must be made from the history, the clinical findings, and the presence of secondary roent- 
genographic changes. 

The history often presents some features which are characteristic. Some patients 
present themselves for treatment early, in adolescence or in early adult life. This group have 
had some mild trouble with the involved foot since childhood, which has become steadily 
worse with approaching maturity, until finally the discomfort is sufficiently distressing to 
demand relief. Another group, about equal in numbers, have had no foot troubles of any 
kind until, in young adult life, they have suffered a wrenching injury. This gives rise to 
persistent pain of moderate or greater severity, which often is accompanied by peroneal 
spasm. We take this to be evidence that the foot with incomplete talocaleaneal bridge in 
which movement at the subtalar joint is limited by a bone block is vulnerable to strain 
when subjected to great wrenching force. When such a tarsal sprain occurs, the resulting 
pain persists for a long time. Some patients recover with prolonged rest, but in others pain 
and disability persist until the subtalar and talonavicular joints are fused. 


Fic. 8 Fic. 9 
Fig. 8: Drawing illustrating the normal relationship of the talus to the calcaneus in the right foot 
viewed from behind and from the medial side. Compare with Figs. 9, 10, 11, and 12. 


Fig. 9: A complete bony talocaleaneal bridge, drawn from John Hunter’s specimen of bilateral 
complete talocalcaneal bridge in the Hunterian Museum of the Royal College of Surgeons of England‘. 


Fig. 1-D, upper view, illustrates an example of this type. 
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Fig. 10: Drawing of a nearly complete 
talocalcaneal bridge. A bone mass from 
the medial side of the body of the talus 
is intimately fused by fibrous tissue 
(syndesmosis) or cartilage (synchon- 
drosis) to a similar mass springing from 
the posterior margin of the sustentac- 
ulum tali. Figs. 4-A and 4-B show 
roentgenograms of such a case. (Drawn 
from a specimen from the Department 
of Anatomy, University of Toronto, 
Toronto, Ontario, Canada.) 

Fig. 11: Drawing of a rudimentary 
talocaleaneal bridge. No part of this 
mass originates from the talus; it 
originates from the sustentaculum. It 
is placed in such a way that it acts as a 
bone block to inversion of the calea- 
neus under the talus. This is the more 
common type of incomplete talocal- 
caneal bridge acting as a bone block. 
Figs. 6-A and 6-B show such an anomaly. 

Fig. 12: Drawing of the less common 
type of incomplete talocalcaneal bridge. 
The bone mass springs from the talus 
and overlaps the subtalar joint behind 
the sustentaculum tali, forming a mor- 
tise into which fit the superior and 
medial surfaces of the body of the 
caleaneus. When the bone block is 
removed, an articular surface is_re- 
vealed between it and the medial 
surface of the body of the calcaneus 
(arrow). Figs. 7-A and 7-B show 
roentgenograms of this type of case. 


Clinical examination reveals 
deformity in varying degree. Some 
patients in this group with in- 
complete talocalcaneal bridge 
may have no deformity or trifling 
deformity ; others may have mod- 
erate or even marked valgus of 
the heel and mid-tarsal joint. In 
general the deformity is less se- 
vere in this group than in those 
patients in whom there is a com- 
plete talocalcaneal bridge. Move- 
ment at the subtalar joint is lim- 
ited but not completely absent. 
Peroneal spasm may be present, 
especially in those patients whose 


symptoms follow injury. It varies in intensity, is least marked when the foot has been 
rested, and is intensified when the foot is in vigorous use. 

Roentgenographic changes are important. The primary feature, a visible talo- 
calcaneal bridge, of course, is absent. However, secondary changes are present. These 
are lipping of the superior margin of the head of the talus, narrowing of the talocalcaneal 
joint space and, in the lateral projection, blurring in the region of the joint between the 
sustentaculum tali and the neck of the talus. It should be emphasized that these secondary 
changes revealed by the roentgenogram are less marked in the type of case described in 
this paper than in those cases in which the talocaleaneal bridge is complete. Indeed, in 
some cases the talonavicular lipping may be negligible or absent. This is to be expected, 
since the incomplete lesion limits but does not completely obliterate movement in the 
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Fig. 13 


toentgenogram of the right foot of a man, thirty-nine years old, who pre- 
sented clinical evidence of a rigid valgus foot. He had had two episodes of 
disability due to pain, each precipitated by injury. Both times these subsided 
with rest. There was an interval of many years between attacks. Apart from 
these two episodes his disability was not great, consisting only in a rigid foot 
with slight valgus of the heel. The roentgenogram showed an incomplete pos- 
terior talocaleaneal bridge (probably syndesmosis or synchondrosis) at the site 
f the os trigonum. 


subtalar joint and hence distorts movement in the talonavicular joint much less severely. 
Lipping at the superior margin of the talonavicular joint, if present, is strong confirmatory 
evidence of the presence of a talocalcaneal bridge, but its absence does not necessarily ex- 
clude the possibility of this anomaly, especially in the incomplete form we are here describ- 
ing. 


OPERATIVE TREATMENT OF TALOCALCANEAL BRIDGE 


This paper is concerned with the nature and cause of rigid valgus foot. It is planned to 
discuss treatment in a later publication. Nevertheless, it seems appropriate to say some- 
thing here of operative treatment. Severe deformity, even though it is painless, may be a 
justification for operation, but the most important indication for operative treatment is 
persistent pain in addition to deformity. Patients with incomplete talocaleaneal bridge 
may have no pain until they are subjected to trauma. They may recover from the painful 
state and often do. Operative treatment, therefore, should be reserved for cases of persis- 
tent disability due to pain or to severe deformity, especially if it is accompanied by persis- 


tent pain. 

We have had no success to date in operative attempts to restore movement in the 
subtalar joint by resection of the talocalcaneal bridge or of the block of bone impeding 
movement. If the bridge is complete or nearly so, the development of the subtalar joint 
has been so impaired that it is incapable of normal function. The same is true to a lesser 
degree in patients with an incomplete bridge. Therefore, operation should not be under- 
taken for the restoration of movement but should be reserved for the relief of disabling 
pain or the correction of deformity. This can best be accomplished by subtalar fusion. It 
should be recognized that pain may arise from wear-and-tear changes in the talonavicular 
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Fig. 14 
Roentgenogram showing a case of trigonal talocaleaneal bridge in a twelve- 
year-old boy who had the lesion in both feet. (Courtesy of Dr. A. R. Shands, 
Jr., Wilmington, Delaware.) 


joint. In fact, when the talocaleaneal bridge is complete and movement in the subtalar 


joint is entirely absent, it is only in the talonavicular joint that pain can arise. Conse- 
quently, if pain is sufficiently severe to justify operative treatment, an assessment of the 
talonavicular joint must be made, and fusion of this joint must be added to that of the 
subtalar joint, if indicated. A medial approach is best, since it permits the lesion to be 


visualized. 


SUMMARY 


1. A further report is made upon the problem of rigid valgus foot due to talocalcaneal 
bridge, supplementing the original report in 1948%. 

2. A group of cases has been identified in which the bone anomaly is incomplete and 
does not reveal itself directly by x-ray. In many cases characteristic secondary roentgeno- 
graphic changes in the talonavicular joint are present and the heel is fixed in valgus. 

3. So far, all such cases explored by operation have revealed themselves to be due to 
the existence either of the calcaneal or of the talar element of a talocaleaneal bridge. In 
either case the bone mass limits movement by acting as a bone block. 

4. Operative treatment of rigid valgus foot should be limited to the relief of disabling 
pain and the correction of severe deformity. It should consist in subtalar fusion through a 
medial approach, supplemented by talonavicular fusion when necessary. 


ADDENDUM 


While this paper was in preparation, a type of rigid valgus foot new to us came to our attention. It was 
due to fusion of the posterior end of the talus to the calcaneus, apparently by fusion of an os trigonum to both 
bones (Fig. 13). At about the same time the contribution of Outland and Murphy, in 1953, on tarsal anom- 
alies and rigid flat feet appeared in the first number of Clinical Orthopaedics. In this the authors recorded 
two similar cases of talocalcaneal bridging by means of the os trigonum. Finally, at the June 1953 meeting of 
The American Orthopaedic Association at which this paper was read, Dr. A. R. Shands, Jr., called our at- 
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, tention to two similar cases of posterior talocalcaneal fusion through the medium of the os trigonum. With 
his permission we reproduce a roentgenogram of one of these cases (Fig. 14). 

It seems evident from these observations that there is an additional type of talocaleaneal bridge which 

may cause rigid valgus foot resulting from fusion of the os trigonum to the posterior ends of the talus and 


calcaneus. 
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DISCUSSION 


Dr. M. Beckerr Howortn, New York, N. Y.: Pfitzner, in 1896, described nine anatomical specimens, 
two from his own material and seven from the literature, with partial or complete bridging from the talus 
medially to the sustentaculum tali. The principal variations consisted in a fibrous band, an accessory joint, 
or a bony bridge. He attributed the bridging to an accessory bone, the os sustentaculi, sometimes united to the 
sustentaculum, sometimes to the talus, at other times free, or united to both. He also described fifteen speci- 
mens of caleaneonavicular bridging and collected thirty-eight cases from the literature. The significance of 
these observations escaped the clinician until Dr. Harris, in performing subtalar arthrodesis for rigid flat-foot 
through a medial incision, recognized this bridging at operation. Harris and Beath, in 1948, reported twelve 
cases of this bridging, demonstrated the anomaly roentgenographically, and called attention to the associa- 
tion of lipping of the talar head superiorly, and sometimes lipping of the navicular. This was the definitive 
paper and should be read by all interested in the subject. The present report is supplementary and deals 
with the lesser degrees of the anomaly, which are not easily recognized in the roentgenogram. The patho- 


logical findings at operation are particularly interesting. 
Dr. Harris asked why the anomaly results in a valgus deformity. The answer is probably in growth. The 
accessory element pushes the calcaneus into valgus as it grows, in somewhat the same manner in which a 


growing hemivertebra deforms the spine. 

It would be unwise to conclude that peroneal spastic valgus is always due to a tarsal anomaly or to 
rheumatoid arthritis. I have seen one case which occurred in tarsal tuberculosis. I have also seen several pa- 
tients with unilateral peroneal spasm of marked degree completely relieved with conservative treatment and 
followed for many months. Some of these cases were due to trauma, others to a transient, non-specific tarsal 
synovitis. One might, of course, postulate that these patients had a mild, unrecognized bridging and that 
they might eventually again have symptoms, but this may be going too far. Moreover, we should be cautious 
in considering an arthrodesis until the diagnosis has been established and until the severity and duration of 
the pain and disability fully justify it. It appears to me that the lesser degrees of bridging between the sus- 
tentaculum tali and the talus can usually be seen by careful study in a good lateral roentgenogram. I agree 
with Dr. Harris that an arthrodesis is preferable to an attempt to excise the excess bone and restore motion. 
However, the three joints of the hind part of the foot act as one and I would certainly do a triple, rather than 
a simple, subtalar arthrodesis, as I think a better result would be assured. 


Pror. Bryan McFar.anp, Liverroot, ENGLAND: I wish to support Dr. Harris's contention that con- 
genital anomalies of the foot are rarely isolated and operation may well fail if it is directed only to the ob- 
vious defect. I use the caleaneonavicular bridge as an example. The first stage of the condition may show an 
accessory os calcis and sometimes an os trigonum; the shape of the talus may show changes. One of my own 
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patients showed the stage in which there is nearly a bar projecting from the calcaneus, and there is already a 
joint between the bar and the navicular. It is at that stage that the complaint of pain commences, usually, as 
Dr. Harris has said, at adolescence or somewhat earlier. The third stage shows fusion by a complete bridge 
from the calcaneus to the navicular. [Roentgenograms illustrating these three stages were shown. |} 

In all three stages changes in the neck and head of the talus are evident: the arc of the head of the talus 
is incomplete, the neck is slender, and the subtalar joint is ill-formed. Limitation of rotation is not surprising, 
and it is interesting that this limitation is a prominent feature when there is a talocaleaneal bridge. An infer- 
ence which is almost inescapable is that a congenital abnormality may progress from stage to stage; the 
“‘precalcaneal ossicle’’ becomes a bar and leads to synchondrosis, and the synchondrosis goes on to synostosis. 
There is no doubt about the second step; proof of the first is obviously difficult. The talocalcaneal bridge, to 
which Dr. Harris has drawn our attention, may well be part of, or comparable with, these changes and I 
wonder whether this will explain why removal of a calcaneonavicular bridge does not produce rotation move- 
ment of the foot. Perhaps, as so often happens in congenital defects, what the x-rays show is not the whole 
defect and it may be that if one insists on operating on caleaneonavicular bridges (I personally do not) one 
of the causes of failure to obtain movement is the presence of a “Harris bridge’. 


Dr. Cart E. BapGiey, ANN ArgBor, MicuiGAn: In 1927 I published what, as far as I know, was the 
first paper on treatment of coalition in the caleaneonavicular joint. Slomann, in 1921, had called attention 
to the fact that this congenital anomaly had been observed clinically. I presented the paper because, at 
that time, spastic flat-foot was regarded by the orthopaedic profession to be the result of a neurogenic factor 
and it was believed that it could be treated by lengthening of the peroneal tendon, by manipulation under 
anaesthesia, and by application of a plaster cast. These measures were not successful in some cases and I felt 
that I had failed in not being able to obtain the results of my masters. 

I saw changes which I called a “‘beak’’ on the talus; the changes resembled those of arthritis. I knew 
that triple arthrodesis was the procedure recommended for arthritis. I therefore operated upon those feet 
which had not responded to conservative treatment and found the typical caleaneal bar which has been so 
well demonstrated today by Prof. McFarland. This has been reported in the literature since 1865 by anato- 
mists; it has been recorded by Pfitzner and others, and has become a well known anatomical structure. Dr. 
Harris in 1948 reported on the talocalcaneal condition. 

Among the causes responsible for the condition is synostosis of the various tarsal bones. In certain cases 
there is failure of separation of the cartilaginous anlage of the tarsal bones; this is as much a cause of rigid 
flat-foot as the secondary tarsal bones reported by Pfitzner. I have examples of talocaleaneal coalition from 
our anatomical department which are the result of complete failure of separation of the cartilaginous anlage 
of the two bones. I mention this because it is important not to stress, as Dr. Harris says, an accessory bone 
as the causative factor. The point to be stressed in spastic, rigid flat-foot is that this is due to a pathological 
process which is produced by an abnormality in the mechanism of development of the joints. 

The lesion is arthrogenic. There are several demonstrable etiological factors: (1) the accessory bones 
producing coalition; (2) abnormal growth changes; (3) arthritis, primary or secondary; (4) congenital failure 
of cleavage of the primary cartilage. The point I wish to make is that there is an abnormality of the articula- 
tions and that the cure of that condition is to get rid of those abnormal articulations by a triple arthrodesis. 
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GIANT-CELL TUMOR OF THE PATELLA 


A Case Report 


BY GORDON W. CAMERON, M.D., EDMONTON, ALBERTA, CANADA 
From the Department of Orthopaedic Surgery, University Hospital, Edmonton, Alberta 


The patella is an uncommon location for giant-cell tumor. Twenty-three cases have 
been reported, the most recent having been reported by Lantzounis in 1947. 

Roemer, in 1945, published a review of all the previously recorded cases, which had 
been diagnosed variously as ‘‘myeloid disease’, “‘cystic endosteal myeloid sarcoma”’, 
“endosteal sarcoma”, “‘myeloid sarcoma’’, ‘‘central giant-cell sarcoma’’, “giant-cell 
sarcoma”’, ‘primary sarcoma’’, “‘osteoclastoma’’, and “benign giant-cell tumor’”’. 

The ages of the patients varied from nineteen to forty-five years, the average age 
being thirty years. There have been fourteen female and nine male patients. 

The treatment of choice has been either excision of the diseased portion of the bone 
or patellectomy. In only two cases was there recurrence and these patients were treated 
by curettage of the lesion. 

A history of trauma has been reported in the majority of cases, including the present 
one. In Chatterjee’s case, however, there was no history of predisposing injury. 


The present case is that of a male Air Force sergeant, thirty-five years old, who was admitted to the 
University of Alberta Hospital on July 31, 1953, complaining of a painful right knee of eleven days’ duration. 

This man had sustained a fracture of the right patella, twenty-one months previously, as a result of a 
severe blow to the knee in an aircraft accident. At that time, he had been treated in a plaster cylinder for five 
weeks. The patient had first been seen in our Clinic five weeks after this injury. 

Roentgenograms of the patella at that time had suggested a tumor. It was felt, however, that the 
roentgenographic findings were consistent with his injury, and the cast was removed. In retrospect, however, 
it is quite apparent that the tumor was present at that time. After six weeks of quadriceps exercises, the 
patient made a good functional recovery and returned to his full duty as a mechanic. 


Fic. 1 Fig. 2 
Lateral view of knee after the fall, showing fracture through the osteolytic area of patella. 


Fig. 1: 


Fig. 2: Anteroposterior roentgenogram, showing expansion of the rarefied lesion approximately one 


year later. 
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Two months prior to his present injury, 
march, but otherwise be had had no discomfort. 
On July 19, 1953, while 
he experienced a severe pain in the right knee cap. 


PATELLA 185 


he had had some aching in his right knee following a route 


walking downstairs, he slipped and, in a sudden attempt to regain his balance, 


Physical examination revealed a painful swollen right knee with moderate effusion and severe local 
patellar tenderness. Roentgenograms revealed a pathological fracture through a giant-cell tumor or a simple 
cyst of the patella (Figs. 1 and 2). The laboratory data were normal and not contributory. 


On August 4, 1953, a patellectomy was done, 
and the pathological! findings were as follows: 

“The patella, measuring 6.5 by 5.0 by 3.5 
centimeters, exhibits an area of softening, approxi- 
mately two centimeters in diameter, on the lower 
portion of the articular surface [Fig. 3]. The articular 
cartilage in the softened area is irregulaily pitted 
and furrowed and is a rust-brown color. The remain- 
ing articular cartilage is of normal color and con- 
sistency but is moderately fibrillated. 

“The cut surface shows replacement of bone 
lower two thirds by soft friable tissue, pre- 
splotched with 


in the 
dominately reddish brown in color, 
dark red and gray 

Sections through the reddish-brown 
toward the center of the patella show a moderately 
cellular stroma composed mainly of spindle-shaped 
cells, although in some areas their shape is more 
ovoid. A few of these cells contain a light-brown 
pigment. A fine collagenous intercellular material 
is noted throughout the stroma. Many giant cells 
are seen scattered throughout the vascular stroma. 
somewhat more 
abundant 


areas, 
tissue 


areas, the giant cells are 


They 


In some 
numerous than 


in others. have 


Fic. 3 


Photograph of articular surface of patella. 


Microscopic appearance (X 265). 


VOL. 37-A, NO. 1, JANUARY 1955 


7 


186 G. W. CAMERON 


eosinophilic granular cytoplasm. Their shape is ovoid, but many of the borders are poorly defined 
and tend to tail off into processes which blend with the intercellular stromal collagenous material. 

“The nuclei of the giant cells are centrally located and are oval in shape. Each has a central nucleolus. 
The number of these nuclei varies from two or three to several dozen. These nuclei resemble the stromal 


nuclei. These are features of a giant-cell tumor of bone. 

“ According to Lichtenstein’s classification ®, this is a Grade 1 tumor.” (Fig. 4.) 

A leg cylinder was applied at the time of operation, and the patient was encouraged to do straight-leg- 
raising exercises in the early postoperative period. He was discharged on the tenth postoperative day, 
walking with the aid of crutches. Four weeks after the operation, the cylinder was removed and the patient 


was given DeLorme exercises daily for six weeks. 
Six months after operation, the patient had a full range of pain-free motion and no limp. No sign of 


recurrence was evident. 
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GIANT-CELL TUMOR OF THE SIXTH CERVICAL VERTEBRA 


Report OF A CASE 


BY HAROLD 8. BOWMAN, M.D., AND WILLIAM J. REALS, M.D., WICHITA, KANSAS 


From the Departments of Pathology and Orthopaedic Surgery, Wichita-St. Joseph Hospital, Wichita 


Relatively few cases of giant-cell tumor in the vertebrae have been reported in the 
literature. The reported occurrences, where documented fully, were found for the most 
part in the lumbar vertebrae or in the sacrum. The appearance of a proved giant-cell 
tumor in the sixth cervical spinous process has led us to present the clinical features of a 
single case, together with treatment and a brief review of the literature. 

Coley, citing Lewis, reported one cervical giant-cell tumor, as did MacFarlane 
and Linell. The tumor reported by the latter authors was located in the third cervical 
vertebra. Numerous other reviews 2.7.0.2 of giant-cell tumors report rare examples of 
these neoplasms in the vertebrae, but the majority do not give the exact anatomical loca- 
tion. The infrequency of mention of cervical giant-cell tumors leads to the conclusion that 
the tumor occurs only rarely in this area of the spine. 

The histogenesis of this tumor has been presented in several excellent reviews ": ". 
Many authors refer to these growths as osteoclastomata. The question of whether these 
lesions are benign or malignant tumors remains a problem not yet fully solved by oncolo- 
gists. It has been pointed out by Geschickter and Copeland that the tumor in the spine 
most commonly involves the neural arch or its appendages. The present case exhibits 
this characteristic location; the tumor was considered a benign lesion. 
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Ek. O., a white woman, eighteen years old, was admitted to the Wichita-St. Joseph Hospital on November 
5, 1950. For the five or six weeks prior to admission the patient had noted soreness in the muscles of her neck 
which seemed to be made much worse by movement. The week prior to admission the pain had become 
more pronounced in the lower part of the back of the neck. Movement of the left arm caused a “catching” 
sensation medial to the right scapula. She had been perfectly well except for these complaints. The past 
history and family history were not contributory. 


Physical Examination 

The essential physical findings were confined to the posterior part of the neck. Pressure over the sixth 
cervical spinous process elicited local discomfort of a dull type. There was moderate loss of motion in the 
neck due to soreness. The remainder of the physical examination was entirely normal. 

The laboratory examination, which included serological studies and urinalysis, was negative. Blood 
count revealed 4,340,000 red blood cells, with hemoglobin of 11.5 grams per 100 cubic centimeters of blood, 
and 8,450 white blood cells with a normal differential count. 

A roentgenogram of the chest was negative. 

The roentgenologist * reported a destructive lesion in the spinous process of the sixth cervical vertebra, 
associated with a fracture in the mid-portion (Fig. 1). No evidence of bone proliferation could be seen. 
Possible diagnoses which were considered included giant-cell tumor, lymphoma, and granuloma of the bone. 

On November 6, 1950, the patient was taken to surgery, and under general anaesthesia a five-centimeter 
incision was made over the sixth cervical spinous process. Dissection was carried down about the process 
which was found to be fractured at its mid-portion. A small amount of red meatlike material was removed 
from the interior of the base of the process. The process and a portion of the adjacent lamins. were removed. 
Convalescence was uneventful. 


Pathological Examination 

The gross material consisted of irregular fragments of bone, measuring up to 2.5 by 2.5 centimeters, and 
portions of soft dark red-yellow tissue which were of irregular outline and measured two centimeters in 
diameter. These tissues were soft, but were not otherwise remarkable; when they were cut, they seemed to 
have the consistency of fibrous tissue. 


Microscopic Examination 

The soft tissue was composed of striated muscle and masses of oedematous fibrous tissue. Decalcified 
bone showed prominent trabeculae. The medullary cavity contained normal cellular material. Along one 
margin of the bone, however, a number of multinucleated giant celis, growing in a dense fibrous stroma, were 
seen. These cells infiltrated between the trabeculae and were also seen in and near the fracture line (Fig. 3). 


Fia. 2 
Fig. 1: Roentgenogram of the cervical vertebrae, showing fracture of the spinous process at the sixth 
cervical vertebra, was made on admission. 
Fig. 2: Roentgenogram made at follow-up examination, three years later. 
* Bernard Halper, M.D. 
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Medium-power photomicrograph of tumor taken through the line of fracture at top (X 160). 


The diagnosis of benign giant-cell tumor with pathological fracture of the sixth cervical spinous process 


was made. 


Deep x-ray therapy was given following discharge from the Hospital. Treatment consisted of 1000 r 


to each of three ports over the posterior right and left lateral cervical areas. 


The patient was last seen in October 1953. She had remained completely asymptomatic (Fig. 2). 


The case, including the roentgenograms and pathological material, was reviewed by 


Dr. Dallas B. Phemister and Dr. C. Howard Hatcher, who concurred in the diagnosis 


benign giant-cell tumor. 
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HEADACHE AS THE FIRST AND ONLY SIGN OF BASILAR IMPRESSION * 


BY WILLIAM R. CHAMBERS, M.D., ATLANTA, GEORGIA 


During the course of a study concerning the cause and treatment of severe intractable 
headache in the occipital area, it was found that an unusual number of the cases severe 
enough to warrant operation showed pathological lesions in and about the atlanto-occipi- 
tal area. In fact, more than one third of the cases which came to surgery had had some type 
of organic disorder in this region. Five of these patients had had platybasia or basilar im- 
pression without neurological symptoms other than headache. Since in most of the cases 
described in the textbooks there seem to have been long tract signs, nystagmus, vertigo, 
and other outstanding neurological signs, it seemed appropriate to search the literature to 
see whether or not other authors had found cases of platybasia and basilar impression rep- 
resented only by occipital pain. 

Poppen, Ammerman, and Holden described two cases (their Cases 9 and 10) in which 
the outstanding complaint was headache aggravated by coughing and sneezing and by 
extending the head. In each case, the neurological examination was negative. In Case 3 of 
their series, the patient had had headache with weakness and dizziness. In Case 6, the pa- 
tient had had headaches for ten years and had become incapacitated by them. In all of 
these cases, which must be considered as having been seen early, since no severe neuro- 
logical signs had developed, the results of the operation were fair to satisfactory. In other 
cases in the same series, in which more serious neurological findings were present, and in 
still other reports in the literature, the results of surgery, while sometimes brilliant, were 
often disappointing. 

Many of those who have studied this subject have pointed out the urgency of dis- 
covering platybasia in its incipient stages. O’Connell and Turner stated that early diag- 
nosis is important, since operative treatment should be undertaken as early as possible. 
Poppen and his coworkers declared that patients with symptomatic basilar impression 
should be operated on early and that the medulla and upper cervical cord should be ade- 
quately decompressed. Both Chamberlain and Lichtenstein noted the appearance of 
syringomyelia and hydromyelia in cases of platybasia. This is probably the result of de- 
generation of the spinal cord due to long compression by the bone anomaly. To quote 
O’Connell and Turner: ‘The results of the surgical treatment of basilar impression are 
considerably influenced by the length of the time interval between the onset of symptoms, 
due to the deformity, and their attempted relief by surgery.” 

Basilar impression is an invagination of the foramen magnum of the skull about the 
upper end of the spine in such a manner that the atlas is forced upward into the rim of the 
foramen magnum. The odontoid process is forced against the junction of the medulla and 
the spinal cord, and the bony ring of the atlas compresses the medulla. Over a period of 
years, severe and often irrevocable damage is done. 

In the past, the condition has been thought to be difficult to diagnose. It has had to be 
differentiated from multiple sclerosis, amyotrophic lateral sclerosis, syringomyelia, Arnold- 
Chiari deformity, and tumor of the posterior fossa. Eight of ten of Scoville and Sherman’s 
cases were diagnosed over long periods of time as multiple sclerosis or syringomyelia. 
Chamberlain, however, established a line by roentgenogram from the posterior tip of the 
hard palate to the posterior internal rim of the foramen magnum. If the upper limit of the 
odontoid process extends above this line, basilar impression is likely. Incontrovertible 
evidence is obtained at the time of operation, when, by direct visualization, the arch of the 
atlas is noted to be within the circle of the foramen magnum. 

Surgical treatment was first undertaken by Olivecrona in 1934 with removal of a 
portion of the posterior arch of the foramen magnum; some good results were obtained 
* Received for publication, June 1, 1954. 
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even in advanced cases. Since that time, various workers have reported series of from one 
to ten cases. As Scoville and Sherman have pointed out, platybasia is more prevalent than 
is common'y known. 

The author has had cases other than those reported here which have had, in addition 
to headache, more outstanding neurological symptoms; however, in every case known 
to him, headache has been a prominent part of the patient’s history. O'Connell and Turner 
reported neck pain in all five of their cases and headache in four of five. Mayerszky’s pa- 
tient had a headache in the vertex, most marked in the morning, for one and a half years. 
In the case reported by Bagley and Smith, occipital pain developed after the patient 
had attempted to jump to a moving truck. It should be pointed out here that many 
authors have remarked about the fact that the onset of symptoms has followed a head in- 


jury or a neck injury. 
Our series of five cases is presented here in the hope that emphasis on the occipital 
pain as an early symptom may bring more of these cases to operation before irrevocable 


neurological deficit has appeared. 


CASE REPORTS * 


Case 1. J.W.B., a female of fifty-five years, gave occipital headache as her chief complaint. She also 
complained of slight dizziness which was described as being “a swimming of the head’. The headache was 
worse upon rotation of the head or when the head was carried in a fixed position for a long period of time, 
as in watching television. On examination, it was noted that she carried her head tilted slightly to the right. 
There was a question of whether or not there was some hypo-algesia over the first division of the trigeminal 
nerve on the left. Otherwise, the patient’s neurological examination was completely negative. 

When conservative treatment had failed, the patient was subjected to a high cervical posterior rhizotomy 
for the intractable occipital pain. During the course of the operation, the arch of the atlas was noticed to be 
well within the rim of the foramen magnum, as in basilar impression. In addition, there was a fusion of the 
atlas to the skull. It was also found that the spinal nerve roots in the upper cervical area ran upward, and an 
Arnold-Chiari malformation,—that is, a herniation of the cerebellar tonsils through the foramen magnum 
into the cervical spine—was discovered. The second cervical sensory root was found to be densely adherent 
to the dentate ligament. It had a devitalized appearance. In this case, the second cervical sensory root was 
cut bilaterally and a decompression of the foramen magnum was done. When she was last seen, one year 
after operation, the patient’s headaches were considerably improved. Occasionally, she complained of the 
same dizziness as before operation. All in all, however, she felt that the operation had been most worth while. 


Fic. 1 Fig. 2 
* Cases 1,3, and 5 have also been reported in another article, ‘X-Ray Demonstrable Lesions in Occipital 
Headache”, published in the Journal of The Medical Association of Georgia, 43: 871-874, Oct. 1954. 
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Case 2. M.J., a white female, twenty-five years old, complained of severe occipital pain of three years’ 
duration accompanied by a tickling, burning dysaesthesia in the suboccipital area which radiated into the 
parietal area on the left. It was worse upon hyperextension of the neck. The pain had begun soon after an 
accident in which she had caught her hair in an electric drill and received a severe blow on the head. The 
neurological examination was almost completely negative. There was tenderness over the occipital nerve, 
and some hypo-algesia over the posterior parietal area of the scalp and in the dermatome of the second cervi- 
cal nerve. Operation was undertaken and a high cervical posterior rhizotomy was done. Roentgenographic 
examination (Fig. 1) had been suggestive of basilar impression, and, at operation, this condition was en- 
countered. A suboecipital decompression and division of the posterior roots of the second and third cervical 
nerves on the left were done. One year after operation, the patient reported that she felt like a new person and 


was very grateful for the surgery. 


Case 3. J.L.C. was a twenty-year-old male who had had excruciating occipital headache for two or three 
months. It radiated into the vertex and into the right temporal area and was sometimes present on the left 
also. The neurological examination was completely negative. The roentgenograms suggested basilar impres- 
sion (Fig. 2). On operation, he was found to have a severe degree of basilar impression. There was also fusion 
of the atlas to the skull. There were many arachnoid adhesions. In this case, no suboccipital decompression 
was done, but a cervical rhizotomy of the sensory roots of the second and third cervical nerves was per- 
formed bilaterally. Two years after operation, the patient reported complete relief. 


Case 4. A.B.C., a female, thirty-six years old, had had occipital headache radiating to the vertex for ten 
years. Examination showed tenderness to pressure over the occipital nerve, with pain radiating to the bridge 
of the nose; otherwise, the neurological examination was negative. Roentgenograms (Fig. 3) showed fusion of 
the second cervical vertebra to the third. Basilar impression was suspected. On operation, the arch of the 
atlas was found to be lying completely within the rim of the foramen magnum. No suboccipital decompression 
was done, but the sensory roots of the second and third cervical nerves were divided bilaterally. Eight 


months after operation, the patient was still quite uncomfortable. 


Case 5. L.L.B., white male, forty-four years old, had been suffering from progressively severe occipital 
headaches for ten years, the pain radiating to the vertex. There was tenderness in the suboccipital area, and 
novocain injection gave considerable relief. Otherwise, the neurological examination was negative. Operation 
showed a definite basilar impression in spite of the fact that roentgenograms (Fig. 4) had not suggested it. 
No suboccipital decompression was done, but a posterior rhizotomy of the second and third cervical nerves 
was accomplished bilaterally. Two years later, the patient reported little relief. 


In two of the three cases showing basilar impression in which sensory rhizotomy of 
the second and third cervical nerves was done but the decompression at the foramen 
magnum was not carried out, practically no relief was obtained, suggesting that there is 
a source of pain other than the high cervical nerves. 
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SUMMARY 


In five cases of basilar impression proved by roentgenogram and operation, the first 
and practically the only symptom was severe, intractable occipital headache. In three 
of these cases there was almost total relief of pain, and in two cases, in which the sub- 
occipital decompression was not done in spite of the presence of basilar impression, lit- 
tle relief was obtained. It is suggested that in cases of severe occipital headache, roentgeno- 


graphic search for the possibility of basilar impression is advisable. 


\ppENDUM: Since this paper was written, three more cases of basilar impression have been discovered, 
with headache as the presenting symptom. 
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DISCUSSION 


EXPERIENCES WITH THE Patmer Open Repuction oF FRACTURES OF THE CALCANEUS 


(Continued from page 155) 


The authors emphatically stated that no single patient who had had the Palmer operation had normal 
talocaleaneal motion at follow-up, and yet over 30 per cent. had no symptoms referable to this limited func- 
tion of the joint. One cannot help wondering if some of these ratings will not have to be changed because of 


the development later of degenerative arthritis in the talocalcaneal joint. 
For a small group of cases, the authors are to be congratulated on their excellent results. 


Dr. Maxriep (closing): | appreciate the comments in the discussion, and I would like to say one word 
about the few patients who have had fractures with extreme comminution. Fortunately, contrary to the ex- 
pectations of those who have not looked into these joints, the articular surface itself is usually not com- 
minuted to any extent. The comminution is lower down in the bone. One patient of our series of twenty did 
have considerable comminution of the articular surface; he did not go back to his regular work for thirty 
months, and the result was not considered to be satisfactory. The incidence of comminution of the articular 
surface is one in twenty in our experience. The other nineteen fractures could be restored to essentially normal 
positions. Technically, I think that, with experience, we can improve our results with this procedure. I ap- 
preciate Dr. Edmunds’ suggestion about early mobilization, and we also have considered doing this, because 
it appears that these fractures heal very rapidly and that the mobilization could be started earlier. 

I want to say, in closing, a few words about traumatic arthritis in these patients. Of course, we do not 


know yet what a ten-year or fifteen-year follow-up will disclose in these cases. All I can say is that I believe 


that none of the results in our patients has changed materially after about a six-month period,—that is, in 
general, the result is the same at three years (and in one case, at forty-four months) as it was at six months. 
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SIMPLE TRANSVERSE OSTEOTOMY AND THREADED-PIN FIXATION 
FOR CONTROLLED CORRECTION OF TORSION DEFORMITIES 
OF THE TIBIA 


BY SAM W. BANKS, M.D., CHICAGO, ILLINOIS, 
AND EDWARD A. EVANS, M.D., SALT LAKE CITY, UTAH 


Derotation osteotomy of the tibia is performed frequently for severe medial torsion 
of the tibia, associated with some cases of talipes equinovarus, poliomyelitis, congenital 
torsion of the tibia, as well as in spastic paralysis. Several operations have been devised 
for the correction of medial torsion of the tibia in children, but none has proved entirely 
satisfactory in the hands of the authors. The procedure to be described in this paper 
avoids some of the major drawbacks of existing methods of osteotomy of the tibia and 
is characterized by its simplicity of execution. The authors have used the method success- 
fully in twelve patients with medial torsion of the tibia. All of the patients were less than 
five years of age, and the deformities were associated with club-foot or were idiopathic 
in nature. 

The simplest and probably the oldest operation for the correction of medial torsion 
deformity in children is a transverse osteotomy of the tibia made a safe distance below 
the proximal epiphyseal plate. The distal tibial fragment can then be rotated on the 
proximal fragment, thus permitting correction of the deformity. Unfortunately, it is 
difficult to control the corrected position by means of a long cast if the knee is permitted 
to remain in extension. If, on the other hand, the knee is placed in flexion of 45 degrees, 
loss of the correction may be prevented by maintaining the neutral position of the upper 
fragment; however, there is now added another danger, — namely, the great likelihood 
of angular deformity occurring at the site of the osteotomy. It will also be difficult to 
judge the exact amount of correction obtained, especially in small children, when the 
extremity is placed in a cast in this position. 

In an attempt to overcome these difficulties, O’ Donoghue devised what he has called 
a “controlled rotation osteotomy” of the tibia. This consists in a Z-type osteotomy in 
the proximal portion of the tibia and the removal of a longitudinal segment of the medial 
cortex of sufficient width to permit lateral rotation of the distal tibial fragment into a 
corrected position. This act of rotation closes, at the same time, the longitudinal gap 
left by the removal of the strip of cortex, and the fragments are held approximated by 
chromic catgut sutures placed through drill holes in the bone. 

Although this procedure has been widely adopted, it has certain disadvantages: for 
example, the osteotomy is complicated and difficult, and it requires a long incision, the 
use of the motor saw, and also a wide stripping of the periosteum. Removal of a lengthy 
and wide piece of cortical bone decreases the size of the tibia and correspondingly weakens 
it, particularly in small children. 

The authors’ procedure, in turn, represents an attempt to avoid the postoperative 
fixation problems of the simple transverse osteotomy procedure, as well as the difficulties 
of the Z-type operation just mentioned. The procedure consists, in brief, in a transverse 
osteotomy made in the proximal portion of the tibia and subsequent fixation in the 
corrected position of the distal and proximal fragments by means of two threaded pins, 
one through the upper fragment and one through the lower fragment. Both pins — and, 
therefore, both tibial fragments — are kept in fixed alignment by means of C clamps 
which are, in turn, incorporated in a loosely fitting long plaster cast (Fig. 1). 


SURGICAL TECHNIQUE 

A tourniquet is applied on the thigh, and the limb is prepared and draped. The 
leg is placed first in a neutral position with the patella pointing toward the ceiling. A 
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threaded pin, gauge 0.094 inch, is next drilled transversely through the tibia, about five 
centimeters distal to the proximal epiphyseal plate. Following this, the leg is rotated later- 
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Artist's sketch showing the successive steps in performing derotation osteotomy 
of the tibia with threaded-pin fixation. 


THE JOURNAL OF BONE AND JOINT SURGERY 


| 
\ 
\ \ YY Ah | 
A\ 
; Incision | \ | 
| | 
| 
| 
Ankle 
Z i or >t ; 
J lrrwara 
A 
4 
| = | E. 
| 


CONTROLLED CORRECTION OF TORSION DEFORMITIES OF THE TIBIA 195 


ally, in order to facilitate the making of the skin incision, five centimeters long, over the 
medial surface of the tibia just below the inserted pin. The tibia is exposed subperiosteally 
and multiple holes are drilled through the bone at the level intended for the osteotomy. 
The soft tissues are protected by means of curved periosteal elevators as the bone is 
divided with a thin osteotome. 

The knee is again placed in a neutral position, and the distal tibial fragment and the 
foot are rotated outward into the corrected position. A second threaded pin, running 
parallel to the first, is inserted transversely through the distal fragment of the tibia at 
a point five centimeters distal to the osteotomy. Two metal clamps (C clamps), which 
are placed over the protruding ends of the pins on each side of the leg, securely maintain 
the tibial fragments in alignment. The wound is now closed and a long cast which incor- 
porates both wires and metal clamps is applied over sheet wadding. 

The patient is able to leave the hospital twenty-four to forty-eight hours after the 
operation. The parents are instructed to watch the circulation in the child’s toes and to 
report at once any change from the normal. However, there has not as yet been a single 
instance of swelling of the foot or of other circulatory embarrassment, for the casts have 
been made to fit loosely. Roentgenograms are made just prior to discharge from the hos- 
pital and are repeated two weeks later. Healing of the osteotomy usually is complete in 
eight to ten weeks, at which time the cast is discarded and the threaded pins are 
removed. 

The C clamps can be made in any brace shop from ten-inch strips of flat iron stock, 
three-fourths of an inch wide, or from half-roll aluminum. The clamp measures five 
inches in length, while the two short arms of the C are each two and a half inches long. 
The open space between the front and back of the clamp, into which the ends of the 
threaded pins are fitted, measures three-sixteenths of an inch. Screws are placed five- 
eighths of an inch from the free ends of the two short arms of the C. When the screws are 
tightened, the threaded pins are held securely by the viselike grip of the clamp. 

Full correction of the deformities without performing an osteotomy of the fibula 
has been obtained in all of the twelve cases treated by the authors. Leaving the fibula 
intact, moreover, affords additional support for the osteotomized tibia and prevents 
anterior-posterior angulation. The fact that the pins are completely threaded instead of 
being smooth is believed to give added protection against the occurrence of infection 
along the pin tract. 


O’Donocuuer, D. H.: Controlled Rotation Osteotomy of the Tibia. Southern Med. J., 33: 1145-1148, 1940. 
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MONOSTOTIC FIBROUS DYSPLASIA OF THE METACARPAL 


A Case Reporr 


BY DONALD W. ROSS, M.D., AND CARMELO C. VITALE, M.D., BROOKLYN, NEW YORK 


From the Kings County Hospital Center, Brooklyn 


The group of bone lesions known for many years in the literature as osteitis fibrosa 
has been divided by the students of osseous pathology into several separate and distinct 


entities. One of these is the solitary bone eyst known as monostotic fibrous dysplasia. 
This lesion usually occurs at a single 
site in the metaphyseal end of the long bones 
of healthy children and is not accompanied 
by systemic, metabolic, endocrine, or other 


skeletal changes. For these reasons it should 
not be confused with von Recklinghausen’s 
disease or with Albright’s disease. Both of 
these conditions usually produce multiple 
bone lesions. The latter is also known as 


polyostotic fibrous dysplasia. 
Credit for clarifying the classification 
of cystic disease of the skeleton may be 


given mainly to Albright for his description 
in 1937 of the syndrome, which was later 


given his name, and to Lichtenstein ** and 
Jaffe *, who in 1942 pointed out clearly that 
the monostotic variety can be considered a 
separate entity. Geschickter and Copeland, 


in their textbook, provide a comprehensive 


historical review and refer with due credit 
to the work of Schlumberger, who in 
1946 reviewed sixty-seven cases of mono- 


Fra. 1 stotic fibrous dysplasia. In no instance did 


Preoperative roentgenogram. the lesion occur in the small bones of the 


hands or feet. 
The following case is reported with the intention of recording the occurrence of a 
lesion which proved to be monostotic fibrous dysplasia involving the second metacarpal. 


CASE REPORT 


An eight-year-old white boy was admitted to the Hospital on April 17, 1950, with the chief complaint 
of a “lump” on the back of the right hand. The child and his parents described the mass as having been 
present for about eighteen months. It had been growing slowly, but no local symptoms had occurred and there 


was no history of limitation of function. He was right-handed. About one year previously, he had been ad- 


mitted to this Hospital on another service and a biopsy specimen had been taken. There had been an unevent- 


ful interval since the surgery. Review of the previous record revealed that the biopsy had been reported as 


fibro-ostosis of bone. 
Review of symptoms and the past medical history revealed no record of diseases with possible lasting 


sequelae. 

Physical examination revealed a well developed, well nourished white boy. On the dorsum of the right 
hand, overlying the second metacarpal, a mass was seen to arise about two centimeters above the nor- 
mal surface of the back of the hand. It was largest at about the middle of the metacarpal and could be 
felt to be continuous proximally and distally with the second metacarpal bone. It did not involve the second 
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Fic. 2 


Photomicrograph (X 135) of tissue from the tumor, showing new and degenerative bone spicules 
interspaced with bundles and whorls of connective tissue. 


Fig. 3 Fia. 4 


Fig. 3: Roentgenogram made two months after excision of the tumor and replacement with tibial-bone 
graft. 
Fig. 4: One year after surgery. 
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Fig. 7 

Figs. 6 and 7: Photographs of the hand made 
three years and six months after surgery. Surgical 
sear can be seen. No limitation of function is 
Three years and six months after the operation. detectable. 


Fig. 5 


metacarpophalangeal joint nor did it extend into the wrist. It was about two centimeters wide at its largest 
diameter. A longitudinal well healed scar was present on the dorsum of the hand. 

The skin over the mass was freely movable, of normal color and temperature, with no dilated veins 
present. The tendons and subcutaneous tissues were not fixed to the smooth, bony-hard surface of the 
tumor. The range of motion of all joints of the hand and wrist was complete, and no sensory changes could 
be detected. There were no palpable lymph glands and no enlargement of the spleen or liver. 

At admission urinalysis, hemoglobin, and white-blood-cell count were within normal limits. Serological 
tests, serum phosphorous, calcium, and phosphatase were also normal. The sedimentation rate was not 
elevated and tuberculin tests were negative. Roentgenograms revealed the presence of a bone tumor involving 
the entire right second metacarpal with the exception of the distal epiphysis. Roentgenograms of the entire 
skeletal system were made and no other lesions were discovered. The mass had a smooth outline and was 
opaque, dense, and mottled throughout (Fig. 1). The diagnosis of a benign, expanding tumor of the right 
second metacarpal, probably monostotic fibrous dysplasia, was made. 

On April 27, 1950, with the boy under general anaesthesia and with a pneumatic tourniquet in place, a 
dorsal longitudinal incision of 7.6 centimeters was made directly over the mass. It was found that the ex- 
tensor tendon to the index finger had been pushed radially by the tumor. The periosteum of the bone was 
incised and stripped easily from the entire circumference of the enlarged metacarpal. The mass was found to 
be smooth and hard with a pale surface, but the cortex could be punctured easily with a blunt instrument. 
Expansion had occurred mainly in a dorsal direction, although some enlargement in the radial and ulnar 
directions had taken place. The distal epiphysis was not involved. The entire metacarpal proximal to the 
epiphysis had been replaced by the lesion. 

An osteotomy was performed just proximal to the distal epiphysis and the bone was disarticulated at 
the carpals. The mass was thus removed in its entirety, but the periosteum was left in place. 

A tibial graft was then taken and formed to fit into the defect. The distal end was pointed and was 
driven into the epiphysis of the remaining distal segment. The periosteal tube was sutured about the graft 
and the remaining tissues were closed. 

A plaster-of-Paris cast was applied with the fingers in extension. 

The specimen removed by surgery was five centimeters in length and was about 2.5 centimeters in 
diameter at its greatest expansion. At the distal or osteotomized end there were five millimeters of normal- 
appearing bone. The enlarged proximal end was covered with normal-appearing cartilage. The surface of 
the tumor was smooth, hard, and white. When the specimen had been split lengthwise, the cortex was seen 
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as a very thin shell. The entire medullary cavity had been replaced by a firm, somewhat resilient, whitish 
tissue which occupied the entire bone to the distal 0.5 centimeter, where there was an abrupt transition to 
normal bone. 

Microscopically, the entire tumor consisted mainly of bundles and whorls of connective tissue with 
highly vascular, interlacing, disorganized spicules of new and degenerative bone (Fig. 2). Occasionally, near 
the area of transition to normal bone, areas were seen where there had been apparent new-bone formation, 
with new and poorly calcified bone spicules present. A rare giant cell or osteoclast was seen, and many of 
the spicules were lined with osteoblasts. The microscopic picture was, in all respects, characteristic of fibrous 
dysplasia of bone. 

The postoperative course was uneventful, and the patient was discharged two weeks later, wearing a 
short cast extending to the metacarpophalangeal joints. Follow-up roentgenograms (Fig. 3) revealed the 
graft to be in good condition two months after surgery. At examination after one year (Fig. 4), excellent union 
between the graft and the distal fragment of the metacarpal could be seen, as well as a reduction in the 
ypacity of the graft. At two years, no remarkable changes had occurred; function of the hand and wrist was 
inimpaired. 

Upon examining the roentgenogram made three years and six months after the operation (Fig. 5), it 
vas difficult at first glance for one to determine the site of the surgery. At this time, the second right meta- 
‘arpal was more dense than the others and was slightly irregular along its shaft and at its proximal articula- 
ion. The epiphysis had closed. The shaft of the bone had begun to assume the appearance of its adjacent 
fellow, with a suggestion of marrow cavity and cortex. 

During the entire postoperative course and in the interval during which the roentgenograms shown were 
made, there was no clinical disability or loss of function. Clinically, the hand appeared to be normal, except 
for the presence of the operative scar (Figs. 6 and 7). 


DISCUSSION 


The remarkable behavior of the tibial graft which was used to replace all but the 
distal 0.5 centimeter of the second metacarpal deserves comment. After two months, the 
graft appeared in the roentgenograms (Fig. 3) as a dense shadow with almost parallel 
sides. The final roentgenogram seemed to indicate that the paticnt had been provided 
with a new metacarpal bone. 

The law of Wolff states that every change in the static relations of a bone leads 
not only to a corresponding change of internal structure, but also to a change of external 
form and physiological function. Without much doubt, the changes we have observed in 
the grafted site qualify in these three respects. Since the graft had been seated into the 


intact periosteal tube of the shaft of the excised bone and had the same muscle attach- 
ments, the same stresses and strains may have been exerted upon it as upon the original 


bone. 

The base of the second metacarpal receives on its dorsal surface the insertions of 
the extensor carpi radialis longus and part of the extensor carpi radialis brevis. At the 
base on the volar surface, there is found the insertion of the flexor carpi radialis, and it 
also provides the origin of the fasciculi of the oblique adductor pollicis. 

The effect of these muscles on the structure of the new metacarpal, which we must 
assume replaced the graft, could not have been so great, however, as that of the two 
dorsal and one volar interosseus muscles which attach to the shaft of the bone along much 
of its length. 

The tibial graft was of both cortical and cancellous type, and there remains no doubt 
that it was vascularized and replaced by healthy new bone. 

The treatment of lesions of the phalanges and metacarpals by the use of homogenous 
transplantation of whole bones from the foot to the hand and by metacarpals and phalanges 
from frozen-whole-cadaver banks is being investigated in other parts of the world. This 
is a radical departure from the technique of using tibial or iliac grafts, which are expected 
to be followed by vascularization and replacement. In Pedemonte’s series of thirteen 
cases, four of the replaced bones were metacarpals. In three of these cases, the bone 
replaced was the first metacarpal and good results were reported. To date, no surgery of 
this type has been reported in North America. 
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SURGICAL CUTTING INSTRUMENTS TIPPED WITH TUNGSTEN CARBIDE 
BY B. R. WILTBERGER, M.D., COLUMBUS, OHIO 


From the Department of Surgery, Section of Orthopaedic Surgery, The College of Medicine, 
Ohio State University, Columbus 


Tungsten carbide came into being in 1896 when the French chemist, Henri Moissan, 
produced the metal while attempting to manufacture diamonds in his laboratory.’ 

With the results of Moissan’s experiments in mind, Krupp scientists, during World 
War I, produced tungsten carbide. They cemented crushed particles of the metal with 
softer cobalt to form a compound which was successfully used to make tools almost as hard 
as diamonds, although the cost of producing them was prohibitive. 

Motivated by the exigencies of World War II, American ingenuity conceived means 
to develop tungsten-carbide tips for machine tools at only a fraction of the cost of the 
Krupp tools. 

Since World War II, this metal has made the jet age possible. Metallurgists now ex- 
trude the combination of tungsten, carbon, and cobalt powders in many shapes, and, in 
the final process, these “‘metal cookies’ are baked to allow the cobalt to melt around the 
minute tungsten-carbide particles. From the resulting metal, the finished tool tips are 
made. 

It is a simple procedure for any machinist to braze or to silver-solder the tungsten- 
carbide tips to all kinds of cutting tools. 

For one year and a half, the author has used surgical cutting instruments tipped with 
this metal (Fig. 1). After having been autoclaved hundreds of times, these instruments 
have retained their snarp cutting edge. 

DISCUSSION 

It is a well established fact that autoclaving at 269 degrees Fahrenheit is the best 
way to sterilize instruments, although the cutting edge of ordinary instruments is dulled 
by the oxidation which occurs during this process. 

However, instruments tipped with tungsten carbide may be autoclaved hundreds 
of times with no evidence of dulling and, with ordinary use, seldom need sharpening. 

Tungsten carbide is almost diamond-hard, and like the diamond, is also quite brittle. 
For this reason, it is inadvisable to grind the cutting blade down to a fine-feather edge (Fig. 
2, A) as these thin edges will chip when the instrument is dropped or when they come into 

contact with other instruments in transport. In making instruments from tungsten carbide, 
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A, Lister bandage scissors; B, electric saw blade; C, D, and EF, osteotomes; ’, G, and H, chisels; 7, and J, 
periosteal elevators. 


one should keep in mind that they must yom, 
be ground with a short bevel (Fig. 2, 2). od 
When necessary, tungsten-carbide tools B 


are easily sharpened by means of an elec- 
tric grindstone with an inexpensive, 180- 
grit, silicon-carbide wheel or a 220-grit 
diamond wheel. After being sharpened, these 
tools need no honing. 


CONCLUSIONS 


Tools tipped with tungsten carbide 
have the following advantages: 
1. They can be produced at a nominal 
cost by any good machinist; 
2. They can be autoclaved, thus ensur- 
ing quicker and more thorough sterilization ; 
3. They retain their cutting edge for 
years without being sharpened; 
4. They can be sharpened on an inex- 
pensive, readily obtainable, silicon-carbide 
grinding wheel; they need no honing. 
However, they do have the disadvan- 
tage of chipping easily if they are ground to Ei ; 
a fine-feather edge. If they are properly Fic. 2 
ground, the tools will not chip unless they 4: The undesirable long beveled edge. 
are dropped or are grossly mishandled. B: The correctly ground short beveled edge. 
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THE HYDRAULIC LIFT FOR DECUBITUS ULCERS 
REporRT OF A CASE 


BY JACOB L. RUDD, M.D., BOSTON, MASSACHUSETTS 


The hydraulic lift with an overhead crane raises a patient off the bed and into a 
chair. Various types of these lifts are on the market and the advantages listed by the 
various manufacturers suggest their use in lifting a patient from bed to chair, from chair 
to automobile, from chair to tub, and for various other purposes. 

Such a lift has been found useful inthe prevention and treatment of decubitus ulcers. 
Its value for such treatment was found in the case of a man in whom a decubitus ulcer 
was already present and was growing larger. A special type of bed which could be used 
to eliminate or even effectively diminish pressure on the back and heels of the patient 
with hip and leg fractures could not be found. It was difficult to retain a nurse or aide 
who could turn the patient frequently enough so that tissue breakdown could be pre- 
vented. The sacral decubitus ulcer was so extensive that the surgical consultant advised 
plastic surgery as the only treatment, as soon as the patient’s general condition would 
permit. 

CASE REPORT 

A pedestrian, seventy-eight years old, was knocked down by an auto. He was immediately brought to 
a city hospital, where it was found that he had sustained four fractures of the pelvis (a comminuted fracture 
of the right wing of the ilium extending almost to the acetabulum with some separation of fragments, 
transverse fractures of both ischia, and a fracture of the left pubic bone). A week later, he complained of 
some pain in his right leg, and roentgenograms were made. They showed three fractures of the leg; both 
malleoli were fractured and there was a transverse fracture of the fibula. 

The application of a firm wide pelvic band did not relieve his pelvic pain, but it did cause wrinkling of 
the skin, redness, and a beginning superficial loss of skin substance over the sacrum. This occurred within 
two weeks of his admission to the hospital. The sacral bone was believed to be superficially involved. Ulcers 


began to develop on the heels and over the greater trochanter also. 


Fig. 1 Fig. 2 
Fig. 1: Hydraulic lift used with overhead crane and slings supports patient so that the sacral ulcer 
is not in contact with bed. 
Fig. 2: Hydraulic lift used with chair sling. 
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Special beds with separated wide bands of canvas or with separated sectional mattresses were not satis- 
factory, as the patient would sink between the canvas bands or the separated mattress sections and lie in a 
pool of moisture caused by the perspiration and detritus from the decomposing skin. In addition, the sepa- 
rated canvas bands and the sectional mattresses appeared to contribute to the pressure on the edges of the 
sacral ulcer, thus adding to the passive congestion of that area. A Stryker frame was tried, but it was so 
uncomfortable and ineffective in this particular case that its use was soon discontinued. 


The Hydraulic Lift 

After a month of treatment, a hydraulic lift with an overhead crane was secured. It had both wide and 
narrow canvas slings which could be adjusted to support the patient at points well above and below the 
decubitus ulcer over the sacrum. For long periods of time he could be raised high enough so that the sacrum 
and the heels did not rest on the bed (Fig. 1). The pressure was thus removed from the ulcerated area on 
the sacrum, as well as from the greater trochanters and the heels. 

Many advantages were gained by the use of the overhead crane attached to the hydraulic lift. The body 
could be elevated so that the heels as well as the back were supported just above the bedclothes, thus per- 
mitting an easier approach to the ulcers for cleansing, ultraviolet irradiation, and bandaging. The patient 
could be elevated onto and removed from a bedpan. The frequent, necessary changes of soiled bed linen were 
easier. The patient could also be hoisted to the sitting position in the hydraulie lift. He was permitted to 
sit in it, well supported, or he could be lifted into a fairly comfortable chair in which there would be minimum 
or no pressure on the back and heels. In bed he could be turned on either side or could lie elevated in the 
supine or prone position on the canvas supports without any pressure on the already involved areas or the 
areas which were about to become involved. He soon learned to place his feet on the floor while his main 
weight was being supported by the lift. The early stages of walking were taught to this aged patient while 
he was supported by the overhead crane, and he gained confidence thereby. If he stumbled, he was held in 
an upright or sitting position so that he could not fall and injure himself. 


COMMENT 


An elderly patient, seventy-eight years old, was originally hospitalized for multiple 
fractures of the pelvis and right leg. After about two weeks, the main treatment problem 
concerned the sacral and heel decubitus ulcers. After about a month in the hospital, 


an overhead crane operated by the hydraulic lift was secured to help prevent further 
ulceration of the back and heels. The patient was soon able to sit up in the lift and to 
begin to do a little walking. The decubitus ulcers began to improve slowly, and there 
was gradual closing and healing. In about three months after the use of the hydraulic 
lift, the sacral decubitus ulcer cleared up completely without the extensive skin-grafting 


operation contemplated. 
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FIBULAR TRANSPLANT FOR LOSS OF SUBSTANCE OF TIBIA 


Rereort or A Case * 


BY PETER L. CARNESALE, M.D., AND A. G. GUERRIERI, M.D., MILWAUKEE, WISCONSIN 


From the Department of Orthopaedic Surgery of the Veterans Administration Hospital, 
Wood, Wisconsin, and Marquette University School of Medicine, Milwaukee 


Methods of replacing a large amount of lost tibia by transfer of the fibula were referred 


to by Hahn and then by Codivilla, but it was Huntington who first described this operation 
in detail. Stone and Campbell have recommended other similar procedures. A case such 


as the following proves that the fibular transplantation is truly an excellent operation. 


2, 1951, complaining of 


A clerk. twenty-seven vears old, was admitted to the Hospital on October 
inability to bear weight on his right leg because of loss of substance of the tibia. In 1944, he had sustained 
a compound fracture, resulting from a gunshot wound. Numerous débridements, followed by a sliding 


Fie. | Fic. 3 
Roentgenogram showing loss of substance of middle third of tibia, October 1951. 
toentgenogram made in April 1952. 
3: Roentgenogram made in April 1953. 

* Published with the permission of the Chief Medical Director, Department of Medicine and Surgery, 
Veterans Administration, who assumes no responsibility for the opinions expressed or the conclusions 
drawn by the authors. 
204 THE JOURNAL OF BONE AND JOINT SURGERY 


FIBULAR TRANSPLANT FOR LOSS OF SUBSTANCE OF TIBIA 


— 


Fig. 4 Fic. 5-A Fig. 5-B 
Fig. 4: Fracture of transplanted fibula in May 1953. 
Figs. 5-A and 5-B: Anteroposterior and lateral roentgenograms made in July 1954, showing condition of leg. 


pedicle skin graft, had been required in order to obtain skin closure before definitive surgery could be done. 
An open reduction, in which some bone from the left tibia was used, had been performed late in 1945, but 
this procedure failed. Within six months another bone-grafting procedure, in which bone was taken from the 
right ilium, had been attempted. Infection developed subsequently, necessitating a number of sequestrec- 
tomies, The wound was allowed to heal by secondary intention. 

Examination revealed that, over the entire anteromedial aspect of the leg, there was extensive scarring 
and thin, paper-like skin which was firmly adherent to the underlying soft structures. There was clinical 
evidence of a large loss of substance of the tibia, and only an intact fibula provided stability of the leg. 
Roentgenograms (Fig. 1) showed an absence of the middle third of the tibia and a healed fracture of the 
shaft of the fibula with posterior bowing. Sclerotic changes were present in the distal fragment. 

Through a posterolateral incision, on October 5, 1951, the proximal end of the fibula was osteotomized 
and, after the contact surfaces had been freshened down to endosteal bone, it was secured to the lateral 
aspect of the proximal tibial fragment with screws (Fig. 2). No additional bone was used. The extremity was 
immobilized in a long cast. 

On May 5, 1952, the distal fragment of the tibia was secured to the distal portion of the fibula with 
screws, and bone chips taken from the ilium were packed about the area through the same incision. The 
delay between the two operations could have been shortened, but the original plan had been to osteotomize 
the distal end of the fibula, also, during the second stage. Only while the actual procedure was being carried 
out, was the decision made not to do so. Immobilization was continued with a long cast until October 1952, 
when a below-the-knee cast with a walker was applied. 

In April 1953, the cast was replaced by a calf-lift brace. On May 17, 1953, while descending a stair- 
way, the patient fell and fractured this leg (Fig. 4). Again the extremity was immobilized in a long cast 


VOL. 37-A, NO. 1, JANUARY 1955 


= Ae 
| 
~ 
> 
: 


206 P. L. CARNESALE AND A. G. GUERRIERI 


until August 1953, when a below-the-knee cast and a walker were used; in October 1953, the same calf-lift 
brace was substituted. The roentgenograms made in July 1954 showed union between the tibia and fibula 
and marked hypertrophy of the transplanted fibula (Figs. 5-A and 5-B). 


A review of the literature reveals that the procedure followed was actually that of 
Hahn, later modified by Codivilla, who, like Huntington, osteotomized the distal end 
of the fibula during the second stage in order to overcome the valgus deformity of the 
foot resulting from Hahn's operation. The deformity did not develop in this patient, 
because the fracture of the transplanted fibula one year after completion of the second 
stage corrected a mild valgus. 


The procedure used in this case was the procedure of choice because of the inadequate 


skin on the anterior aspect of the leg. Replacement of the sear by a graft of whole-thickness 
skin would have been necessary if the usual anteromedial incision had been utilized. A 
method of fibular transplantation with a lateral incision overcomes the absolute necessity 
of having good skin over the anterior portion of the leg. 


COMMENT 


This case is presented in order to encourage the further use of this excellent operation, 
especially in patients in whom the defect in the tibia is large and the skin over the anterior 
aspect of the leg is poor. Only this procedure was successful after several had failed, includ- 
ing bone-grafting procedures which resulted in infection and deep scarring and required 
repeated débridements. It is obvious that the marked hypertrophy of the transplanted 
fibula graphically emphasized Wolff's postulate. 
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Proceedings 
THE RUSSELL A. HIBBS SOCIETY 


The Meeting of The Russell A. Hibbs Society was held in Huntington, West Virginia, on April 30, 1954. 
Five formal papers were presented, as well as numerous problem cases. The Meeting was presided over by 
Dr. William MeCracken of Huntington, West Virginia. Following the presentation of the papers, Dr. 
Felix Butte of Dallas, Texas, was elected President-Elect for the year 1955. The 1955 Meeting will be held 
in Dallas, Texas, on April 9, 1955. 


Summaries of papers presented follow: 
The Unknown in Orthopaedics. Dr. ALBERT FERGUSON! read a philosophical paper in which he said that 
history demonstrates that the apparently proved truth of today is likely to be disproved in the future. 
Even the apparently obvious truth that the universe had a beginning, or that it did not have a beginning, 
is subject to doubt. We cannot conceive the beginning nor can we conceive the absence of a beginning. 
Since both sides of the proposition are beyond conception it is possible that the true statement is a third 
possibility which we cannot conceive — the unknown “‘X”’. 

Medical dicta are less obviously true than the statement in the above illustration. They should, therefore, 
be more subject to doubt. This doubt is readily inserted in medical thinking. For example, if prolonged 
study has led us to believe that the cause of a certain condition must be either ““A’’ or “B”’ because no 
other cause seems possible, we must still add the possible cause “‘X’’ — the unknown or not presently con- 
ceivable. Now it is no longer possible to conclude that the cause must be ‘‘B” because we can show that 
it is not “A”. The “X” is always with us to keep our minds open to indications of possibilities not yet 
demonstrable. 

Such open-mindedness can have highly practical results. In orthopaedics, for example, the consideration 
of physical factors not previously included as possible etiological agents has led to new and useful explana- 
tions of disease. Examples exist in fever as a cause of “congenital’’ malformations, defective remodeling 
instead of ‘“‘growth”’ as a cause of exostosis, tensions produced by growth as the cause of several conditions 
including juvenile kyphosis and Osgood-Schlatter disease, and stimulation by motion as a cause of over- 
development of cartilage to tumorous proportions. 

Note: The usefulness of such ideas received unexpected emphasis in the “quiz’’ session which followed 
the presentation of this paper. Two of the cases were subject to a reasonable and clear explanation on the 
basis of stimulation of the development of cartilage by motion although confusion had previously existed 
due to conflict of clinical and histological evidence. 


Roentgen Diagnosis of Chordoma. Dr. ALBERT L. ALLEN ? reported that improved methods in roentgenog- 
raphy and more extensive use of roentgenograms contributed to the increased finding of chordoma and 
afforded greater efficiency in the preoperative diagnosis of this tumor. Thus, of late, there has been a higher 
reported incidence of chordoma than the 10 per cent. proved by roentgen diagnosis previously reported. 
Five new cases were recorded from an area with a population of 150,000 within a two-year period. Three 
of these were diagnosed outright by the roentgenologist or else were included in the differential diagnosis. 
Colored slides were presented to show the tumors as they were viewed clinically. The roentgenographic 
findings were presented. 


The Management of Peripheral-Nerve Injuries. Dr. Tuomas J. HoLBRook * presented the essential 
diagnostic points for the recognition of palsies of the major peripheral nerves. The value of special electro- 
diagnostic tests and procedures in the recognition of nerve lesions, as well as their place in the assessment 
of recovery after nerve anastomosis, was discussed. These tests included muscle-nerve reactions to different 
electrical stimuli, the determination of chronaxia, and skin-resistance measurements. The times for nerve 
suture and the general techniques of nerve-end anastomosis and postoperative care were outlined. 


The So-Called Codman Tumor. Dr. 8. WeRHAMMER ‘ discussed the history of the so-called Codman 
tumor and described the pathology and histogenesis. Three cases, seen within two years, were reported. 
The first was in a thirteen-year-old boy with a chondroblastoma of the right humeral head. This case is 
considered to be typical of the disease as regards age, sex, symptomatology, roentgenographic findings, 


11101 Beacon Street, Brookline, Massachusetts. 
? Huntington, West Virginia. 

8955 4th Avenue, Huntington, West Virginia. 
‘St. Mary’s Hospital, Huntington, West Virginia. 
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and pathological findings. The second case was in a man, forty-nine years old, with post-traumatic symptoms 
in the right knee joint of twenty-five years’ duration. Tibial chondroblastoma, as well as a Charcot joint, 
was found. The third case was a woman, fifty-eight years old, with pain in the right knee of two years’ 
duration. Roentgenographic findings disclosed a cystic tumor in the right tibial epiphysis and metaphysis. 
Pathological examination revealed a very cellular Codman tumor with possible malignant transformation. 
There was a difference of opinion as to the benignity or malignancy of this tumor among several pathologists. 
Critical evaluation of the three cases showed that two tumors occurred in patients forty-nine and fifty- 


eight years of age. No Codman tumors had previously been reported in this age group. 


Treatment of Hematogenous Osteomyelitis. Dr. James A. HeckMAN ® presented the current concepts of 
the treatment of acute hematogenous osteomyelitis and reported on thirteen patients treated during the 
past six years. The method of treatment employed was that of large doses of penicillin or other antibiotics, 


with incision and drainage of the soft-tissue abscess and general supportive measures. In no case was bone 


decompression resorted to. In this series of thirteen cases there were no deaths. One patient had metastatic 


lesions while the other twelve had complete healing of the bone lesion with no recurrence. 


§ 1032 6th Avenue, Huntington, West Virginia. 
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FREMONT A. CHANDLER 


Word has been received of the sudden death of Dr. Fremont A. Chandler of Chicago on December 24, 
1954. A more extended notice about Dr. Chandler will appear in a later issue of The Journal. 
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News Notes 


The Twenty-second Annual Meeting of The American Academy of Orthopaedic Surgeons, 
under the presidency of Dr. T. Campbell Thompson of New York City, will be held at the Hotel Statler, 


Los Angeles, California, January 29 to February 3, 1955. 


The 1955 Annual Meeting of The American Orthopaedic Association will be held at The Greenbrier, 
White Sulphur Springs, West Virginia, June 19 to 22. 


The American Board of Orthopaedic Surgery has announced that examinations are to be held 
as follows: 

Part II Examinations on January 27 and 28, 1955, at Los Angeles. 

Part I Examinations at various locations in April 1955. 

Applications should be made to the Secretary, Dr. Harold A. Sofield, 122 8. Michigan Avenue, Chicago 


3, Illinois. 


The Tenth Annual Meeting of the American Society for Surgery of the Hand will be held at the 
Biltmore Hotel, Los Angeles, California, on Friday, January 28, 1955. The preliminary program includes 
the following papers: 

Tumors of the Hand. 

Joseph L. Posch, M.D., Detroit, Michigan. 

Tuberculosis of the Hand. 

Philip H. Moore, M.D., Mt. Edgecumbe, Alaska (by invitation). 

Providing Automatic Grasp by Flexor Tenodesis. 

James N. Wilson, M.D., Los Angeles, California. 

Congenital Subluxation of the Thumb into the Palm. 

Elden C. Weckesser, M.D., Cleveland, Ohio. 

Vasomotor Reactivity in Dupuytren’s Contracture. 

F. X. Paletta, M.D., St. Louis, Missouri (by invitation). 

Surgery of Rheumatic Hands. 

Sterling Bunnell, M.D., San Francisco, California. 

Volkmann’s Contracture. 

J. Leonard Goldner, M.D., Durham, North Carolina. 

Congenital Absence of the Radius. 

Daniel C. Riordan, M.D., New Orleans, Louisiana. 

Adduction Contracture of Thumb. 

J. Edward Flynn, M.D., Boston, Massachusetts. 


The Annual Meeting of the Mid-Central States Orthopaedic Society will be held at the St. Louis 
Medical Society Auditorium, St. Louis, Missouri, April 15 and 16, 1955. Headquarters of the Meeting will 
be at the Sheraton Hotel, St. Louis. 

In order to stimulate interest and research in medical history among students of the medical schools 
of the United States and Canada, the American Association of the History of Medicine has established 
a medal named in honor of William Osler. The William Osler Medal will be granted annually to the author 
of the best student essay submitted to the Association. The essays should not exceed 10,000 words in length. 
Essays must be submitted before March 1, 1955, to Lloyd G. Stevenson, M.D., Faculty of Medicine, MeGill 
University, 3640 University Street, Montreal, Canada. 


The Third Congress of the Sociedad Mexicana de Ortopedia y Traumatologia was held in Mexico 
City from November 14 to 20, 1954, under the presidency of Dr. Alejandro Velasco Zimbrén. Orthopaedic 
surgeons throughout Mexico attended this meeting. Short refresher courses were given by Dr. Hernandez 
Ros-Codornid (Spain), Prof. R. Merle d’Aubigné (France), Dr. Harold Boyd (the United States), Dr. 
Louis Lichtenstein (the United States), Dr. G. Alvarez F. (Mexico), Dr. M. Berimen C. (Mexico), Dr. 
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B. Castro Villagrana (Mexico), Dr. A. Garcia Amezcua (Mexico), Dr. R. Pérez Tamayo (Mexico), and 

Dr. A. Pérez Teuffer (Mexico). Honorary Presidents of the Congress were: Dr. Juan Farill, Dr. José Castro 

Villagrana, and Dr. A. Ortiz Tirado. 

THE SIXTH WORLD CONGRESS OF THE INTERNATIONAL SOCIETY FOR THE WELFARE 
OF CRIPPLES 


“Changing Attitudes in a Changing World” was the theme of the Sixth World Congress of the Inter- 
national Society for the Welfare of Cripples, which met at The Hague, the Netherlands, from September 13 
through September 17, 1954. More than seven hundred delegates from thirty-six countries assembled to 
exchange information about techniques of treatment and services for the handicapped. 

Dr. J. M. Ravesloot of the Netherlands presided at the Congress, which was held in cooperation with the 
Netherlands Central Society for the Welfare of the Disabled, the International Society affiliate in the 
Netherlands. 

Sectional meetings devoted to medical, social, educational, and vocational services for the disabled were 
held. There were also sectional meetings on cerebral palsy, amputations, rheumatism and arthritis, and 
spinal paraplegia. Discussions of the organization of services and general sessions were parts of the formal 
program of the Congress. Various special groups met in conjunction with the major meeting. 

Elections of officers and members of the Council were held, at which time Dr. Howard A. Rusk of New 
York was named President, succeeding Mr. Konrad Persson of Sweden. At the official dinner of the Congress, 
the first Albert Lasker Awards for distinguished international contributions to the welfare of the disabled 
were presented to Dr. Juan Farill of Mexico, Dr. Henry H. Kessler of New Jersey, and the Right Honorable 
Viscount Nuffield of England. 

American physicians who presented papers at the Congress included, in addition to Dr. Rusk and Dr. 
Kessler, Dr. A. R. Shands, Jr., Dr. Meyer A. Perlstein, Dr. William T. Sanger, and Dr. Eugene J. Murphy. 
Physicians from England who addressed the Congress included Dr. Francis Bach, Dr. Ludwig Guttmann, 
Dr. C. J. 8. O'Malley, Dr. John Craft, and Dr. A. G. Hardy. Dr. Keith S. Armstrong of Canada was a 
speaker 
Many other outstanding physicians from South America and Europe presented papers or led section 
meetings. Experts in related rehabilitation activities came from all over the world to participate in the 
Congress 

The Headquarters of the International Society for the Welfare of Cripples is located at 127 West 52nd 
Street, New York City. Mr. Donald V. Wilson is Secretary-General and Mr. Norman Acton is Assistant 
Secretary-General. Copies of the Proceedings of the Congress may be obtained from the Society’s New York 


headquarters 


“Rehabilitation for Independence’ was the theme of the Thirty-first National Convention of The 
National Society for Crippled Children and Adults which met in Boston from November 2 through 
6, 1954. Fifteen hundred persons, including many orthopaedic surgeons, attended the convention, and 
orthopaedic surgeons were among the group of experts making contributions to the convention in the form 
of technical lectures. 

The medical, social, vocational, and educational aspects of rehabilitation were discussed at the various 
general meetings and special seminars. Nationally known speakers who were present included Nelson A. 
Rockefeller, Undersecretary of the Department of Health, Education, and Welfare; Mrs. Ivy Baker Priest, 
Treasurer of the United States; Dr. Margaret Mead, noted anthropologist; Dr. William C. Menninger, 
world-famous psychiatrist; and Dr. William T. Sanger, President of the Medical College of Virginia. 

Orthopaedic surgeons who spoke at the meetings included Dr. A. R. Shands, Jr., Medical Director 
of the Alfred I. duPont Institute; Dr. Allen F. Voshell, Professor of Orthopaedic Surgery at the University 
of Maryland; Dr. Charles O. Bechtol, Chief of the Division of Orthopaedic Surgery at Yale University; 
Dr. Eugene E. Record, Chief of the Amputation Clinic at Massachusetts General Hospital; Dr. Alexander 
P. Aitken, Medical Director of the Liberty Mutual Rehabilitation Center; Dr. William T. Green, Chief of 
the Orthopaedic Service at the Children’s Medical Center in Boston; and Dr. Stanford Hartman, an ortho- 
paedic surgeon from Phoenix, Arizona. 

Special subjects that were given attention at the meeting included the use of braces, the problems of 
amputees, industrial back injuries, and other aspects of orthopaedic surgery as applied to rehabilitation. 


The Fourteenth Japan Medical Congress will be held at Kyoto, April 1 to 5, 1955. The Japanese Society 
of Orthopaedic Surgery is one of the forty-one medical societies participating in this Congress. Meetings 
will take place at Kyoto University and Kyoto Prefectural Medical College. Additional information about 
the Congress may be obtained from the Secretary-General, Dr. Mitsuharu Goto, University Hospital. 
Medical Faculty of Kyoto University, Kyoto, Japan. 
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Book Reviews 


SurGery or Repair As RELATED TO HANp INJuRtEs. B. K. Rank, M.S. (Melbourne), F.R.C.S., F.R.A.C.S., 
and A. R. Wakefield, M.S. (Melbourne), F.R.C.S., F.R.A.C.S. Baltimore, The Williams & Wilkins Co. 
1953. $8.00. 

In the preface to this book, the authors state clearly and concisely their intentions in the recording of 
the subject matter. These can well be summarized by a direct quotation: “‘We have not set out to record in 
familiar fashion known fact, accepted opinions and methods of treatment under various arbitrary headings 
to which the title might well be dissected. Our object has been to record the more fruitful developments of 
personal opportunity unembarrassed by consideration of alternative procedures.”’ 

In the 250 pages which follow, one is aware of the truthfulness of the above statement. The two authors, 
highly skilled in plastic procedures and well exposed to contemporary knowledge of the art of hand recon- 
struction, set out to record their experience. 

One, therefore, cannot be critical of limitations and instead must commend the other features of the 
text which in many ways are unique and perhaps less emphasized by others. Among these, for example, is 
the consideration of the viewpoint of the patient, which in our busy world is very apt to be subjugs.ed, 
without intent, by the overwhelming enthusiasm arising from technical triumph. 

The presentation of the surgical anatomy of the hand is done in such a painless way that the reader picks 
up the salient and practical points without the feeling of being temporarily plunged into an anatomical 
textbook. 

The main emphasis of the text is given to primary treatment on the rightful assumption that adequate 
care and the obtaining of primary healing does much to lessen the need for later reconstruction. This section 
is well documented with specific cases, and many practical points relative to early treatment are divulged. 
Within this section the chapter on wound closure reflects the plastic skill of the authors. Since some of the 
procedures might prove a bit tedious or even risky, liberal use of the free skin graft is recommended for the 
uninitiated. 

The remainder of the book deals with many other problems, such as unhealed wounds, burns, and late 
reconstruction. All described methods of treatment are sound in principle and apparently work well for the 
authors, even though they may lack the glamor of “‘new procedures’’. The short chapter on hand injuries in 
children brings out the salient points and provides opportunity to discuss the behavior of grafted tissue 
during growth. 

Although it is in the province of the reviewer to pick out for criticism specific points which might deviate 
from his own views, to do so would accomplish little in a constructive way and would only serve to distract 
from the goodness of the whole. Thus, the book is heartily endorsed for all with serious interest in hand 
surgery, and its pleasant style, organization, and readability make it of especial value to those surgeons who of 
necessity must treat the injured hand along with their other daily tasks. The reader must not expect source 
book answers to all problems, but he will find much in the way of value and enjoyment. 

L. D. Howard, Jr., M.D. 


Les Tumeurs ArticuLArres Mauianes. R. de Grailly et Henry Léger. Paris, Masson et Ci*, 1952. fr. 600. 

This is a study from the Centre anticancéreux de Bordeaux dealing mainly with malignant tumors of syno- 
vial origin, which American authors classify as synovial sarcomata. 

The authors also describe briefly other types of tumors originating in the soft tissues of the joint. They 
point out the difficulties that may arise in the differential diagnosis. 

Metastatic articular neoplasms and tumors from the neighboring structures invading the joint are dealt 
with in a further chapter. 

Over half of this short monograph is concerned with history and a review of the world literature including 
references to cases of synovial sarcomata published in the last fifty years. The authors endeavor to trace the 
evolution of ideas concerning the pathogenesis of this type of tumor, the clinical and pathological features of 
which have been well described by Haagensen and Stout, Bennett, Pack, and Ariel. 

Dr. Fritz Schajowicz 


oF OrtTHOPEDIC TRACTION ProcepuREs. Carlo Scuderi, B.S., M.D., M.S., Ph.D. St. Louis, The 
C. V. Mosby Company, 1954. $12.50. 
Dr. Scuderi has adequately filled a need in the orthopaedic literature with this profusely illustrated and 
concise Atlas of Orthopedic Traction Procedures. He has covered a wide variety of traction procedures without 
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becoming entangled in the ropes and pulleys of a subject which might easily have been treated in a more 
complex manner, It is more than a “picture book’’ of traction procedures; in it is discussed the necessary 


equipment, the indications, pitfalls, and principles of each type of traction. 
There are over 125 excellent illustrations in this 230-page volume. It is well indexed and designed to serve 
as a complete working manual. In addition to his descriptions of specific traction procedures (both skeletal 


and skin), the author deals with such important subjects as the hospital bed, mattresses, overhead frames for 
orthopaedic traction, and the use of the Stryker frame. 

There seem to be almost as many “wrinkles” in applying traction as there are individuals applying it 
and, although most agree on the basic principles of traction, many differ in just how these principles are to be 
carried out. Some readers, for example, will perhaps feel, upon reviewing the illustrations in Dr. Seuderi’s 
book, that they would have “run this rope that way” or ‘‘put that pulley here’. However, these minor 
differences of opinion do not in any way detract from this fine work, and it is recommended to every ortho- 
paedic surgeon, nurse, and orderly who has to do with setting up and maintaining traction apparatus. 


Thomas L. DeLorme, M.D. 


Die ENTWICKLUNGSSTORUNGEN DER EXTREMITATEN. A. Werthemann. (Handbuch der speziellen patholo- 
gischen Anatomie und Histologie, IX.Band: Bewegungsapparat, 6.Teil, von O. Lubarsch, F. Henke, 
und R. Réssle.) Berlin, Springer-Verlag, 1952. DM 98. 

The monographs of pathological anatomy and histology which were initiated by Lubarsch and Henke 
in 1924 have, since their demise, been carried on by other outstanding pathologists. Developmental Disturb- 
ances of The Extremities is Part 6 of Volume LX in a series concerned with Motor Apparatus, and it is by 
A. Werthemann of Basel. 

This monograph covers all the common skeletal variations and abnormalities. Each subject is classified 
taxonomically, is presented with complete embryological and pathological data, and is illustrated with 
pictures, roentgenograms, and line drawings. The book has two main parts: 

Part I deals with the abnormalities of the skeletal anlage and is divided into two major sections. The 
first section is devoted to the various types and degrees of diplogenesis and retrogressions of the primordial 
extremities in great detail. The second section is concerned with descriptions of normal epiphyseal develop- 
ment and joint development, the various disturbances related thereto, congenital deformities and con- 
tractures, and various aplasias. 

Part II covers malformations on the basis of disturbances in the primitive soft-tissue anlage including 
syndactyly, cleft hand and foot, and asymmetrical gigantism and dwarfism. 

A bibliography of German, English, French, and Italian literature is appended to the discussion of 
each subject 

This publication, if revised in the light of the contributions of the two years since its publication, would 
make an admirable textbook; and if translated into English, it would find wide appreciation by the patholo- 


gist and the orthopaedist as a reference work. 


Thomas F.. Broderick, Jr., MD. 


EXCHANGE FELLOWSHIPS TO GREAT BRITAIN — 1955 


The Committees on Exchange Fellowships of The American Orthopaedic Association and The Canadian 
Orthopaedic Association report that there has been a great interest on the part of young orthopaedic sur- 
geons in the United States and Canada in this opportunity for travel and study in Great Britain. At the 
end of December they had received sixty-three applications from the United States and seven from Canada. 

The Committees expect to announce their selection of the four candidates from the United States and 
the one candidate from Canada by the end of January 1955 

Tentative transatlantic bookings have been made to leave New York, April 20, on the Queen Elizabeth 
and to return to New York on the Queen Elizabeth, June 14, in time for the meetings of The American Or- 
thopaedic Association at White Sulphur Springs and The Canadian Orthopaedic Association at the Seigni- 


ory Club, Quebec. 
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ANNOUNCEMENT 


TRAINING PROGRAM 
FOR 


REHABILITATION CENTER DirrRECTORS OR ADMINISTRATORS 


Place: INSTITUTE FOR THE CRIPPLED AND DISABLED, NEW YORK CITY 


Starting Date: January 1, 1955. However, delay in recruiting may postpone starting date until February 1, 


1955. 


The Training Program: In collaboration with the Office of Vocational Rehabilitation, Washington, D. C., 
the Institute for the Crippled and Disabled is conducting a 7-month program designed to train persons 
to coordinate the services and administer the activities of rehabilitation centers. 


The training will consist of an initial period at the Institute, followed by three on-the-job placements 
at selected rehabilitation facilities. Between placements, trainees will return to the Institute for a dis- 
cussion of their placement experiences and to continue instruction in specific subjects pertaining to 
administration. The final two weeks of training will be devoted to a review of all subjects covered. 

All phases of rehabilitation center administration will be covered during the periods the trainees are at 
the Institute and, in addition, such topics as: chronic disease as a socio-medical problem, rehabilitation 
centers—history, types, organization, disciplines contributing to rehabilitation, coordination of services 
and community considerations. Trainees will be given specific work assignments during the training 


period. 


STANDARDS FOR SELECTION OF TRAINEES: 

Sex—Men or women will be accepted. 

Age Not less than 30 years. 

Education—Bachelor’s degree—minimum. 

Experience—Applicants should have had at least three years’ experience in rehabilitation and its con- 
stituent fields such as the following: health counsel groups, public health administration, personnel 
administration, vocational rehabilitation, medicine, occupational therapy, physical therapy, 
counseling psychology, social work, crippled children’s services, hospital or welfare institutional 
administration, special education, etc. 

Personality attributes—Trainees should possess such personality attributes as: feeling for leadership, 
personal stability, resourcefulness, tact, and effectiveness. If practicable, applicants may be given a 
personal interview by a rehabilitation center administrator before acceptance for the course. 


A stipend of $250 per month for the 7-month period will be paid to each trainee. Travel 
expense between New York City and the locations of on-the-job placement centers will be paid 
by the Institute. All other expenses will be borne by the trainee. 


Stipend 


Applications or inquiries should be submitted to: 
Tue Director, INSTITUTE FOR THE CRIPPLED AND DISABLED 
400 First Avenue, New York 10, N. Y. 
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Wanted 


The Editorial Office of The Journal is constantly having calls for back issues of 
The Journal and desires to know where copies of the following issues may be obtained 
when needed: 


Tue AMERICAN JOURNAL OF ORTHOPEDIC SURGERY 


1908-1904: Vol. I, Nos. 1, 2, 3, and 4; August, November 1903; February, May 1904. 
1904-1905: Vol. II, Nos. 77 , 3, and 4; August, October 1904; January, April 1905. 
1905-1906: Vol. II1, Nos. 1, 2. 3, and 4; July, October 1905; January, April 1906. 
1906-1907: Vol. IV- Nos. \ . 3, and 4; July, October 1906; January, April 1907. 
1907-1908: Vol. V, Nos. 1, 2, 3, and 4; July, October 1907; January, April 1908. 
1908-1909: Vol. VI, Nos. 1, > 3, and 4; August, November 1908; February, May 1909. 
1909-1910: Vol. VII, Nos. 1, 2, 3, and 4; August, November 1909; February, May 1910. 
1910-1911: Vol. VIII, anys 1, 2, 3, and 4; August, November 1910; February, May 1911. 
1911-1912: Vol. IX, ag » 2 - and 4; August. November 1911; February, May 1912. 
1912-1918: Vol. X, Nos. ee 3, and 4; August, November 1912; February, May 1913. 
1913-1914: Vol. XI, ny i, 2, 3, and 4; July, October 1913; January, April 1914. 
1914-1915: Vol. XII, Nos. 1, 2, 3, and 4; July, October 1914; January, April 1915. 
1915: Vol. XIII, Nos. 1 and 2; July, October. 

1916: Vol. XIV, all twelve issues. 

1917: Vol. XV, all twelve issues. 

1918: Vol. XVI, all twelve issues. 


Tue JOURNAL OF ORTHOPAEDIC SURGERY 


1919: Vol. I, all twelve ere 

1920: Vol. II (Old Series Vol. XVIII), all twelve issues. 

1921: Vol. III (Old Series Vol. XIX), Nos. 1, 2, 3, 4, 6, 9, 10, 11, and 12; January, Feb- 
ruary, March, April, June, September, October, November, and December. 


Tue JoURNAL OF BONE AND JOINT SURGERY 


1922: Vol. IV (Old Series Vol. XX), Nos. 1, 2, and 3; January, April, and July. 
1923: Vol. V (Old Series Vol. X XI), Nos. 1, 2, 3, and 4; January, April, July, and October. 
1924: Vol. V1 (Old Series Vol. XXII), Nos. 1, 2, 3, and 4; January, April, July, and 
October. 
1925: Vol. VIL (Old Series Vol. XXIII), No. 1; January. 
1926: Vol. VIII (Old Series Vol. XXIV), Nos. 1, 2, 3, and 4; January, April, July, and 
October. 
127: Vol. IX (Old Series Vol. XXV), Nos. 1, 2, 3, and 4; January, April, July, and Oc- 
tober 
1928: Vol. X (Old Series Vol. XX VI), Nos. 1, 2, ¥ 3; January, April, and July. 
1929: ot XI (Old Series Vol. XXVID), Noa , 2, and 4; January, April, and October. 
1930: Vol. XII (Old Series Vol. XXVIID), Noe.’ and 2; January and April. 
1931: Vol. XIII (Old Series Vol. XXIX), No. 1; January. 
1932 a XIV (Old Series Vol. XXX), No. 4; October. 
1933: Vol. XV (Old Series Vol. XX XI), No. 1; January. 
1934: Vol. XVI (Old Series Vol. XXXII), No. 4; October. 
1935: Vol. XVII (Old Series Vol. XX XIII), Nos. 1, 2, 3, and 4; January, April, July, and 
October. 
1987: Vol. XIX (Old Series Vol. XX XV), Nos. 1, 3, and 4; January, July, and October. 
1938: Vol. XX (Old Series Vol. XXXVI), Nos. 1, 2, 3, and 4; January, April, July, and 
October. 
1939: Vol. XXI (Old Series Vol. XX XVII), Nos. 1, 2, 3, and 4; January, April, July, 
and October. 
1940: Vol. XXII (Old Series Vol. XX XVIII), No. 1; January. 
1941: Vol. XXIII (Old Series Vol. XX XIX), No. 1; January. 
1944: Vol. XXVI (Old Series Vol. XLII), Nos. 1, 2, 3, and 4; January, April, July, and 
October. 
1945: Vol. XXVII (Old Series Vol. XLIII), No. 2; April. 
1947: Vol. XXIX (Old Series Vol. XLV), Nos. 1, 2, and 3; January, April, and July. 
1948: Vol. XXX-A, No. 1; January. 
Any reader having copies of the above, which he is willing to dispose of, is requested 
to correspond with the Editor. 
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New MOSBY Books 


Bateman—The Shoulder and Environs 


By James E. Bateman, M.D., F.R.C.S. (C). Diplomate American Board of Orthopedic 
Surgery, Fellow American Academy of Orthopaedic Surgeons; Orthopedic Consultant, Sunnybrook 
Hospital, Toronto. Department of Veterans Affairs of Canada; Consultant, Workmen’s Com- 
pensation Board of Ontario. 550 pages, 376 illustrations. Price, $16 25. 


The book includes everything from Em- 
bryology to Assessment of Disability as 
applied to the shoulder area. The area 
itself has been interpreted more as the 
forequarter rather than a single joint. 

A system for arriving at the diagnosis 
and a classification of shoulder disease 
from the standpoint of symptoms is in- 
troduced so that the common disorders 
may be considered under three main 
headings: 1) conditions producing shoul- 
der and neck pain; 2) conditions with 
shoulder pain predominating; 3) condi- 


tions with shoulder and radiating pain. 

Treatment of all disorders is presented 
in detail. It is included with signs and 
symptoms and the pathology under the 
individual lesion. So that the manage- 
ment of a given group of disorders may 
be reviewed quickly and easily, treat- 
ment summaries are presented at the 
end of the chapters. 

Rehabilitation of the shoulder has been 
stressed. Exercise, physiotherapy, and 
occupational therapy routines are in- 
cluded. 


Scuderi— Atlas of Orthopedic Traction Procedures 


By Carto Scupert, B.S., M.D., M.S., Ph.D. Clinical Associate Professor of Surgery, 
University of Illinois; Professor of Surgery, Cook County Graduate School. 229 pages, 124 


illustrations. Price, $12.50. 


Gathered in this volume are the impor- 
tant features essential for successful use of 
orthopedic traction procedures. The il- 
lustrations concisely demonstrate the 
necessary features. Opposite the illustra- 
tions are given clear descriptions of the 
devices and the principles involved. 

The purpose of this book is to fill a 
definite gap in orthopedic literature by 
photographs, line drawings and simple 
descriptive language. With the present 


The C. V. MOSBY COMPANY 


Order 
Form 


|_| Attached is my check 


Environs... . 


Bateman Shoulder and 


training program in both the general 
surgical and orthopedic surgical special- 
ties, the teaching of traction procedure 
for each specific indication at times be- 
comes a Herculean task for the teacher. 
This type of book should facilitate the 
teaching of students, interns, and resi- 
dents in the fracture and straight ortho- 
pedic services. It should also be of great 
help to the nursing profession and physical 
therapists who work with these patients. 


3207 Washington Bivd., St. Lovis 1, Mo. 


Gentlemen: Send me the book(s) checked with (X). 


Charge my account 


| Scuderi ‘‘Atlas of Orthopedic 
$16.25 Traction Procedures”. . . $12.50 


JIB&IS-1-55 
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The Richards DIAMOND intramedullary Nails 


18-12 smo Stainless (type 316) Fractures of 


For 
TIBIA 
No Rotation 
RADIU 
ULNA Of 
PHALANGES Fragments 
FEMUR 


TIBIA 


SET +1 
No. 204 


SET #2 
No. 205 


RADIUS & 
ULNA 


SET +3 
No. 206 


Phalanges 


SET #4 
No. 207 
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Lower Third of Femur Complete Set $54.00 
Each set consists of 9 Lengths 

8", 834", 10/4", 1194", 122", 13144", 14" 

Diameters: 4mm x 6mm Pin $ 6.00 
(Same as set +1 except 2 diameters)... Complete Set $54.00 
Each set consists of 9 Lengths 

8", B34", 10/4", 11394", 12/2", 134", 14" 

Diameters: 4mm x 6mm, 3mm x 5mm cvnnameneeach Pin $ 6.00 


(Neck of Humerus, ramadan of Tibia, 

Humerus and Femur) Complete Set $52.00 
Each set consists of 13 Lengths 

Diameters: 3mm x Smm, 2mm 3mm Pin $ 4.00 


Clavicle, Jaw, Condyles._Complete Set $26.00 
_ set consists of 13 Le xt 
Pin 


he. 2mm x 3mm 2.00 


(For inserting below trochanter)... Complete Set $67.50 
Each set consists of 9 Leng 


1134", 131/q"", 14", 1434", 17" 


Every Orthopedist and General Surgeon has found to his own satisfaction that a 

diamond shaped pin will not permit fragmental rotation as the round pins cannot 

‘event. Therefore, here is what you have been wanting for a long time. They have 
proven over the years since World War Il. 


Check with yourself all the above advantages in each phase of your fracture work. 


Without doubt you will start using these as soon as possible, to your own and your 
patients’ complete satisfaction. 


Manufactured Exclusively By 


RICHARDS MANUFACTURING COMPANY 


The Complete Orthopedic Supply House 


756 MADISON AVE. PHONE 8-2566 


MEMPHIS 7, TENN. 


COPYRIGHT 1953—ALL RIGHTS RESERVEO—RICHARDS MANUFACTURING COMPANY 


42 


Tt 
|| 
ul, 
is 4 u 
FEMUR 
j Th i 
| 
| 
} 
| 
= 
ait 
q 
» 


RICHARDS 


No. 414 PAIR $10.00 
These ‘BENDING IRONS” are made of Heat Treated ALUMINUM ALLOY and are designed for 


Bending and Forming Bone Plates They will not mark, mar or scar 
Bending and Forming Moore or Blount Plates bone plates, nails, pins or any 
Bending and Forming Jewett Nails other object 

Bending and Forming Intramedullary Nails 


CAMPBELL-BOYD PNEUMATIC TOURNIQUET JEWETT NAIL — Stainiess smo 
One-Piece Forged 


No. 381N 
Nail Lengths: 22”, 2%”, 3”, 3%", 32", 3%", 4", 
5". 
No. 310 ® Large size for leg; gauge and pump. $35.00 Plate Lengths: 3”, 4”, 5”, 6”. 
No. 311 © Medium size for arm; gauge and pump 35.90 
No. 311C © Small size for small arm; gauge and Write for 


Our Complete Catalog of 
Orthopaedic Instruments 


RICHARDS MANUFACTURING COMPANY 


756-8 Madison Avenue ° Phone 8-2566 ° Memphis 7, Tennessee 
THE COMPLETE ORTHOPAEDIC SUPPLY DEPOT 
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illustrated in color! 


an atlas of 
musculoskeletal 
exposures 


By 4. F. MOSELEY, M.A., D.M., M.Ch. (Oxon.), F.R.C.S. 
(England and Canada), F.A.C.S. Hunterian Professor, 
Royal College of Surgeons of England; Assistant Professor of 
Surgery, McGill University; Associate Surgeon, Royal 
Victoria Hospital, Montreal 


NOW IN A SINGLE VOLUME— 
A comprehensive correlation of detailed anatomy and surgical exposures 


modern in its approach 


Anatomic structures are built up descriptively and pictorially layer by layer from the skeletal 
framework outward to the skin surface. Then, reversing the process, a step-by-step analysis of 
the exposure is made from skin to bone or joint—stressing the anatomic points already covered. 

The book offers head-to-toe coverage—face, upper extremity, vertebral column and lower 
extremity are all considered. Whenever possible and practical, anatomic relationships are 
illustrated in the positions in which the surgeon will see them during an operation. 


vividly illustrated 


376 beautiful! full-color illustrations on 71 plates—the majority drawn by Helen T. Mac- 
Arthur, B.A. 183 illustrations in black and white depicting aspects of the posturing and drap- 
ing of the patient. 

The diagrammatic use of color, employed for the first time in a work of this character, 
greatly augments the instructional value of the text. Many of the origina! sketches were made 
in the anatomy laboratory, the autopsy room and right at the operating table with the closest 
co-operation between artist and author. An extended production schedule has permitted the 
highest degree of perfection in color reproduction. 

This is a book in which great technical value and production skill have been most fortu- 
nately joined. 


376 Illustrations in Color on 71 Plates 183 Black and White Illustrations 
226 Text Pages In Active Preparation 


J. B. LIPPINCOTT CO. fox! Washington 5, Pa. 


Please enter my order and send me when ready: 

[|] AN ATLAS OF MUSCULOSKELETAL EXPOSURES... In active 
preparation. 

| understand | may return it within 10 days if not completely satisfied. 
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To make medical 


photographs anytime... 


anywhere... 


The Kodak Technical Close-Up Outfit 


3 Easy to use? Yes! The “how to” of Anaston Lens {/4.5, Lumenized for 
making medical photographs with this sharp detail and color purity; Kodak B-C 
new outfit can be mastered in minutes. Flasholder and Kodak Close-up Flash- 
From then on, records can be built up for guard; necessary Portra Lens, filters, 
study and discussion, weeks, years later. Adapter Rings, Retaining Ring, and stain- 

Outfit is complete: Kodak Pony 828 less steel bracket and field frame. 

: Camera with color-corrected Kodak * Price, $62.75. 


For pictures like these... 


1. Close-ups: Hold camera so that 2. Head-and-shoulder, full- 3. Full-length pictures: Hold 
field frame is close to or at the area arm or leg pictures: Hold the camera as indicated by view 
to be photographed (3% x 41 inches). camera 2) feet from subject. finder. 


Camera above loads with 8-exposure No. 828 — See your Kodak photographic dealer 
Kodachrome Film, Type A. The exposed — or write for literature: 


film is returned, processed and mounted, EASTMAN KODAK COMPANY 


ready for projection. Black-and-white films Medical Division 

can be used, also, when black-and-white Rochester 4, N.Y. 
: prints or enlargements are desired. ys 
~ 


*Price includes Federal Tax where applicable and is subject to change without notice, 


Serving medical progress through Photography and Radiography 


"Kodak 


TRADEMARK 
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THE PUGH HIP-NAIL 

. PEND. 
4 SIZES y y 
REQUIRED FORGED PLATES IN 3, 4, 5 AND 6 INCH LENGTHS 


KEY AND GROOVE PREVENTS ROTATION. 
FRICTION RING IN TUBE FURNISHES CONSTANT TENSION. 


AN APPLIANCE DEVISED TO GIVE MORE ADEQUATE FIXATION FOR FRACTURES 
OF NECK OF THE FEMUR AND INTERTROCHANTERIC FRACTURES WITH MANY 
ADVANTAGES 


FOR ADDITIONAL 


INFORMATION 


CONTACT THE 
MANUFACTURER 


MANUFACTURED BY 


KEN STANDARD CORP. 


EVANSVILLE, INDIANA 


FRONT BACK SIDE 


NOW DOCTOR 


By giving waist measurement only to the nearest SURGICAL SUPPLY DEALER, it 
will be possible for him to have ready for shipment within 20 minutes a brace which: — 
MAINTAINS POSITIVE HYPEREXTENSION — IS COMPLETELY AND EASILY 
ADJUSTABLE WITHOUT TOOLS — IS EASILY FITTED BY YOU IN 30 MINUTES 
WITHOUT MOVING PATIENT — CAN BE WORN IN SHOWER AND GIVES MORE 
WEARING COMFORT. Order from dealer or direct from factory. If not entirely pleased, 
return in 10 days. 


$45.00 Dealer Inquiries Invited $45.00 


manufactured and sold exclusively by 


WARD SURGICAL SPECIALTY CO. — 1720 Maple Avenue — WACO, TEXAS 
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THE IMPROVED MODEL 


CRUTCHFIELD SKELETAL TRACTION TONGS 


The advantages of skeletal traction over other 
methods of treating injuries to the cervical 
spine have made the Crutchfield ‘Traction 
‘Tongs a standard instrument with many sur- 
geons. This improved model, with the proper 
open spread of 11 em. from point to point, has 
pins which have been redesigned so that most 
of their pressure rests against the outer table 
of the skull. This minimizes pressure necrosis 
and overcomes the possible penetration of thin 


skulls. The instrument is stainless steel. 


(The Crutchfield technique is described in detail 
in ARMAMENTARIUM, J ol. 2, No. 3, just pub- 
lished. Your complimentary copy will be sent to 


you upon request.) 


Oi Mueller Ce. 


Inset (actual size) shows detail of the improved, 
safer point. 


Skeletal Traction Tongs. im- 
proved model. Each. . . $18.50 


Drill Point, 14"’. for use with above. Each. $3.50 


Drill Point, 3, 4’’, for use with above. Each. $3.50 


Instrument Makers to the Profession Since 1895 


330 South Honore St., Chicago 12, Illinois 


BRANCH STORES NOW IN DALLAS AND HOUSTON, TEXAS — ROCHESTER, MINN. 


FOR MEN 


CAN PRESCRIBE 


_ BACK SUPPORTS 


WITH CONFIDENCE 


FOR WOMEN 


By working closely with the medical profession for 
over 60 years, Freeman has developed a complete 
line of surgical supports. From this line you can se- 
lect and prescribe with complete confidence in the 
suitability of each garment for its purpose, in the 
quality of its construction and in the comfort it will 
give the wearer. 

Freeman corset-type back supports are made in 
models which provide supportive and conservative 
measures in any required degree to almost complete 
immobilization. The great advantage of this type of 
garment is that it can be worn comfortably while sitting, 
standing or lying. In addition to correct design and 
fine construction, Freeman supports embody many 
improvements, to increase comfort and convenience 


47 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 


for the wearer. For example, linings and stay covers 
are cushioned for comfort. All side-laced back sup- 
ports have Freeman’s exclusive self-smoothing, non- 
wrinkle fly. 

Mail coupon for details of Freeman quality fea- 
ture and free pocket-size reference catalog. 


FREEMAN MANUFACTURING COMPANY 
DEPT. 701 STURGIS, MICHIGAN 


Please send details on new Freeman features and in- 
clude free reference catalog. 


Name 
Address 
City. 
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REHABILITATION : Progressive Resistance Ex- 
ercise Units; Quadriceps-Gastrocnemius-Foot- 
drop Boots; Pulley Weights; Doorway Pulley 
Assemblies; various types of Bicycle Exercisers; 
Restorator; Kanavel Table; Manuflex and Grip 


# Restorer for hand therapy; Ankle Exercisers; Shoul- 
| der Wheels with or without height adjustment; 
ay. Stall Bars; Walking Parallel Bars and Exercise 
a Staircases of various designs; Invalid Walkers; 

Training Mirrors, single and triple; 


Sayre’s Headslings and scales to measure amount 
of traction; Flexerciser a versatile unit for active 
exercise; Gymnasium Mats in various sizes, thick- 
nesses and coverings; Crutches and Canes; Patient 
Lifter; Standing Tables and Beds; Selihelp De- 
vices; Cerebral Palsy Furniture; Speech Therapy 
Equipment. 


FOR PHYSICAL MEDICINE 


AND REHABILITATION 


HY DROTHERAPY-ELECTROTHERAPY: 
Whirlpools for every Whirlpool Carriage; 
Hubbard Tanks; Paraffin Baths; Hydrocollator 
Master Units and Steam Packs; Shortwave Dia- 
thermy; Galvanic-faradic-sinusoidal Generators; 
Hanovia Ultraviolet Lamps; Heat Lamps and 
Bakers; Ultrasonic Generators; Treatment Ta- 
bles; Timers. 


Hew Ttems of Interest 


Literature Upon Request 


Guthrie-Smith Universal Sling Suspension 
Apparatus, Standard and Portable Models; complete 
with all springs, ropes, pulleys, slings, etc. $295.00 


use; 


Standing Table, Manually operated; movable foot- 
rest; Tilts up to 70°. Supplied with safety belts. 


Price including casters $190.00 


APPARATUS: Chronaximeters; 


Goniometers; Oscillometers; Ther- 


DIAGNOSTIC 
Dynamometers; 
mocouples and Skin Thermometers. 


WRITE FOR YOUR FREE COPY OF ILLUSTRATED 
CATALOG NO. 1054— INQUIRIES INVITED 


’ 
| Posture 
| 


ALL your needs supplied 
by ONE reliable source 


Where traction is indicated use... 


* 
tractolator 
-, MOTORIZED INTERMITTENT TRACTION 


*Reg. U.S. Patent #2633124—2633125 


J. A. PRESTON CORP. 


175 FIFTH AVENUE, NEW YORK 10, N. Y. 


Now the physician can administer a carefully graduated, 
smooth traction force .. . precisely, automatically . . . inter- 
mittently, with maximum comfort to the paiient...of greater \ / 


traction force than ever before—up 
to 50 Ibs. cervical, up to 100 
Ibs. pelvic! 


As illustrated, TRACTOLATOR is made 
in both chair and bed models, the 
latter for bed patients and hospital 
cases. Bed traction is used for pelvic 
traction and can be adapted for 
cervical traction by using a single 
pulley and cable with head halter 
attachments. 


Distributed Exclusively by 
LOUIS YELLIN, INC. 
Philadelphia, Pa. 


Be sure to visit our 
Booth at the Conven- 
tion and see Tract- 


olator demonstrated 
Manufactured by 


INC. 17th St. Phila. 3, Pa. 


TRACTOLATOR COMPANY, 242 S. 
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ELAS T/IChrOANM 


TRADEMARK 


the velvet-soft elastic bandage 
that stays in place like a second skin 


ELASTICFOAM is a completely new type of bandage 


which combines the best properties of adhesive plaster, elastic, 
and cotton bandages. It is made by permanently bonding a sheet of 


multi-slit foam rubber to a superior quality cotton elastic bandage. 


ELASTICFOAM stays in place like adhesive 
plaster—shaving is eliminated, redressing easy 
and painless. 

Fully elastic (stretch 100%), does not narrow, 
maintains uniform pressure. 

Velvet-soft and highly absorbent — may be ap- 
plied directly over wounds, absorbs at least 5x 
its own weight of moisture. 

ELASTICFOAM can be autoclaved. Economical 
— may be washed, sterilized and reused many 
times. 

No allergic reactions reported after repeated 
application, does not mat under plaster casts 
nor interfere with X-ray. 


knee, ankle, wrist, elbow, chest and back injuries 


compression treatment of varicose veins, 
ulcers, phlebitis 


postoperative dressings 
in place of orthopedic felt 
sports strapping—ankles, etc. 

Elasticfoam bandages are 5 yards long when stretched, made in 
2”, 3”, 4", 6", 8” widths, Ye" and 
thicknesses. Available by the 


square yard for casts and 
other orthopedic work. 


You must see and handle this unique bandage ~~ 
to appreciate its many advantages. Write for — 
descriptive booklet and sample of Elasticfoam. v 


CONNECTICUT BANDAGE MILLS INC., 


IN THE HOSPITAL 


Hydrocollator Master Unit 
maintains ready supply 


30 MINUTES 

MOIST HEAT 
WITH EACH 


IN THE HOME 


Heat in any vessel 
on stove 


POLAND STREET, BRIDGEPORT, CONN. 


EFFECTIVE 


MOIST HEAT 
EASILY APPLIED 


HYDROCOLLATOR 


PACK 


arte Everyone agrees moist heat is most effec- 

4 gio tive in reducing spasm and pain. Now 
NO WRINGING it can be easily and efficiently applied! 
Hydrocollator Steam Packs require no 
wringing, won't drip, are easy to pre- 
pare and handle. In use in leading hos- 
pitals and treatment centers. 


ACCEPTED BY THE COUNCIL 
ON PHYSICAL MEDICINE 
AND REHABILITATION (AMA) 


WRITE FOR DESCRIPTIVE FOLDER 


CHATTANOOGA PHARMACAL 
COMPANY, INC. 
CHATTANOOGA 5, TENNESSEE 
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Reprint, Literature, Measuring 


Charts and Instructions 


Upon Request 


THE 


The Jewett Brace... 


for HYPEREXTENSION OF THE SPINE 


COMPRESSION FRACTURES and other cases 
requiring positive hyperextension such as Osteo- 
porosis with Kyphosis, Adolescent Epiphysitis and 
Marie Struempell’s Spondylitis. 


Rigidly performs function of body hyperextension 
cast; locked on patient when adjusted to proper 
hyperextension; not removed for bathing or 
sleeping; adjustable to physical changes, light, 
clean, sanitary, durable, conducive to physio- 
therapy and return to light duties. 


FLORIDA BRACE CORPORATION 


Box 1366, 1151 Harmon Avenue Winter Park, Florida 


LOWEST PRICE 


FOR THE HIGHEST QUALITY BANDAGE IS FOUND IN 


The Briggs Bandage 


A Non-Wrinkleable, Washable, Highest Quality, Five-Yard Bandage Which Com- 
bines Maximum Stretch, Even Tension, Softness, Smoothness, and Resistance to Heat 
AT A 40% SAVING 
DIRECT FROM THE MANUFACTURER TO YOU 
Parcel Post Prepaid Anywhere in the U. S. 


SPECIAL CARTON YOUR PRICE RETAIL GIANT CARTON YOUR PRICE 
12—2 in. 8.40 (0.70 per bandage) (1.20) 144—2 in. 92.15 (0.64) 
10—214 “ 8.00 (0.80 (1.35) 115—2y% “ 87.40 (0.76) 

8-3 “ 7.20 (0.90 “ : ) (1.50) 96-3 “ 84.45 (0.88) 
6—4 6.60 (1.10 " ) (1.80) 72—4 "™ 77.00 (1.07) 
ASSORTMENT 6—3 in. 2—2 in. 
3—4 “ 18.15 YOUR PRICE 10.90 
10 per cent. discount on orders of 5 or more cartons 


ORDER FROM 


The Brigge Company 


DIVISION OF MOORE FABRICS—45 Washington Street, Pawtucket, Rhode Island 
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Fullawor veTACHABLE NIGHT SPLINT 9 


Advance Improvements 


Orthopedic surgeons are enthusiastic about 


this versatile splint. It affords decided ad- <s 


vancements for treating club feet, positional Sg? 
deformities, tibial torsions, flat feet, con- 

genital hip dislocations. Use of the Fillauer a 

Splint minimizes the ne- € 

cessity of manipulations, 
plaster, tenotomies and 
anesthetics. Satisfactory 
results are confined to 
children under 3 to 4 
years of age. 


Write for descriptive folder. 


@ Stainless bronze serrated discs 
permit 50 different rigid settings. . 
Fits any shoe—double-post swivel 
clamp and single lateral clamp adjust 
easily to any shoe up to 4-yr. old 
sizes. Special flange for club foot or 
wedged shoes. 


FILLAUER SURGICAL SUPPLIES, INC. 


Box 1678, CHATTANOOGA, TENNESSEE 
Manufacturers of Orthopedic Appliances ESTABLISHED 1914 


these units|are the criterion: 


in diathermia and ultra sonics 


Two ultra sound machines are manufactured by the pioneer 

R. A. FISCHER & CO., leader in electro-therapy equipment. Shown 
is the Model 3000 Console, one of the finest units presently 
available. Model 3000 offers CONTINUOUS ULTRA SOUND plus 
IMPULSE ULTRA SOUND (successful treatment without heat). 
Companion to the Model 3000, the Model 2500 Portable is not 
MODEL 3000 ULTRA SOUND illustrated. Both units reflect outstanding craftsmanship—each is 


guaranteed a full year. Contemporary cabinets are finished in 
off-white enamel and in gray hammertone metallic, with special 
colors on request. The 3000 unit sells for $495.00 and the 
Model 2500 is $345.00 (FOB Glendale, Calif.). Further details 
will be sent immediately on your request. 


In diathermia no machine surpasses the performance of the 

Mode! 1200 CONSOLE MASTER FISCHERTHERM. Power output is more 
than ample for heaviest therapeutic demands. The cabinet is 
finished in off-white enamel and in gray hammertone metallic— 
special metallic finishes in shades of maroon, blue or green are 
available on request. The hinged electrode set (Catalog No. 1202) 

is purchased separately at $109.00. Price of the MASTER 
FISCHERTHERM Model 1200 is $654.50 FOB Glendale, California. 

A full year guarantee, of course. Your request for details will 

be promptly handied by our office staff. 


R.A. FISCHER & CO. 


FISCHER» manufacturers of Electro-Therapy Equipment 
MODEL 1200 MASTER FISCHERTHERM 525 Commercial Street, Dept. K © Glendale 3, California 
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THE UNITED LIMB AND BRACE CO., INC. 


61 HANOVER STREET BOSTON 13, MASSACHUSETTS 
Telephone: CApital 7-2183 


Manufacturers of 
Artificial Limba 
This shows how the 


Soft Back Rubber Cushion Socket 


conforms to the stump when the patient is sitting down 


| PAT. NO. 2253040 


THORNTON PLATES FLANGED NAILS 


for 
Treatment of Fractures of the Femur and Trochanter 


Grooved Cannulated Solid 
Nail Wail Nail 


508 Rorer Avenue, S. W. 
Price Filler Machine & Mfg. Co. — ROANOKE. VIRGINIA 


WILLIAMS 
LUMBO-SACRAL BRACE 
Measurements: 1. Chest (about 4” below nipple line); 2. Waist (at navel 


line); 3. Pelvic (2 distance between greater trochanter and crest of ilium); 
4. Seventh cervical spinous process to sacrococcygeal junction. 


ALL ORTHOPAEDIC APPLIANCES 
Orders filled at the request of members of the profession only 
MILLER BRACE CO. 


3902 Gaston Avenue Dallas, Texas 
For prompt service use our P. O. Box 7902 
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EXTRA- 
mattress 


Made according to the exact 

requirements of the physician 

or registered orthopaedic specialist! 

Designed to relieve the backache of 
spinal or sacro-iliac injury! 


Vv a rigid mattress and boxspring com- 
bination requiring no interposed boards. 


i V ttand-stitched sidewalls so firm it per- 
mits patients to get in and out of bed 
easily. 


v Resilient surface — provided by curled 
hair — will not tend to stop circulation 
or Cause undue pressure on nerve 
points. 


v Guaranteed for 15 years. 


3 v Created by King Karpen, originator of 
the world-famous Hollandaire mattress 
— long the first choice of fine hotels. 


CONTACT YOUR NEAREST 
AIRELOOM DEALER OR WRITE: 


GAYLORD 
PNEUMATIC 
TOURNIQUET 


AVAILABLE FOR YOUR USE NOW 


A Pneumatic Tourniquet Pump That Will 
Not Leak, Holds Pressure Perfectly 
Throughout Surgery. 


Model No 26 


pump togowe 


\ 
vone 


—€6 feet 
tubing 


ouge ond 
junction block for 
better visibility ond 
closer control 
Tourniquet has o 30 


a long enough for 
all nee ds 


weight und eosy 


tourniquet to fit-even the 
smoll 


This Pump is made of a special Aluminum Alloy of 

light weight and great strength, with a brass inner 

liner for long wear and easy pumping, and a brass pre- 
cision-fit plunger and neoprene ring. 


ORDER FROM 


SHAW SUPPLY CO., Inc. 
Everything Surgical 

1115 Fourth Avenue 

Seattle 1, Wash. 


Please send me the following as checked: 
[-] Model No. 26, Complete, $90.00 


Descriptive literature. 
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Clarks promise freedom from 
all foot troubles caused by footwear, 


if from babyhood none but Clarks shoes 
are worn, fitted by Clarks Footgauge. 


Clarks back this promise with 129 years of 


shoe craftsmanship. They keep it bv 
making children’s shoes whivn ave 
based on the natural shape of a 
child's foot ...in different 
widths to each length 

size .. . fitted with 
scientific accuracy on a 
special Footgauge for 
length, for breadth 
and for girth. 


MADE BY C. & J. CLARK LIMITED 
(WHOLESALE ONLY), STREET, SOMERSET 


f in e signifies 


“House of Valid Ougin 


CRUCIATE-HEAD 
PULOT-POINT 


ath BONE SCREWS 
PATENT NUMBER 


2,494,229 MASTERPIECE OF QUALITY ; 


acmekit saves time and 


Complete unit for 
bone plating 
instruments 
For complete information & catalog, “6 


ACME) encincering 


P. 0. BOX.2279 @ GREENSBORO, N. C. 
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INSTRUMENTS AND SPLINTS FOR 
HAND SURGERY AND TREATMENT 


Active Hand and Finger Splints 
(Cock-up, Knuckle-bender, etc.) 


Torsion Bar for supination and 
pronation of the wrist 


Tendon-Stripping Instruments 


Anvil for the small bones of 
the hand 


Gig Pull-Out Suture with 
attached needle for tendons 
Small Hand Drill 
for use with Kirschner wire drills 
and other special instruments 
for bone and joint surgery 


Write for our Catalogue 
H. WENIGER 


Established 1907 
143 Valencia St. San Francisco 3 


MOISTAIRE 


The Original Heat Therapy Unit 


UNEXCELLED 


for the delivery of moist heat at 
the exact prescribed temperature. 


COMFORT @ SAFETY © DURABILITY 
CAT MOISTAIRE accepted and approved since 


1944 by the Council on Physical Medicine 
and Rehabilitation (AMA) and Underwriters’ 


wet 


Wy Laborctories. 


For Illustrated information write, wire or call: 


he RIES 


515 SOUTH AIKEN AVE., PITTSBURGH 32, PA. 
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Available . 
NOW 


the Improved 
RE 
ABDUCTION PILLOW SPLINTS 


For congenital dislocation of the hip in the newborn 
and in early postnatal life. (As described by Dr. V. L. 
Hart, J. Bone and Joint Surg., Vol. 31-A, pp. 
357-372, April 1949, and J.A.M.A., August 12, 1950, 
Vol. 143, pp. 1299-1303. See also Orthopaedic 
Appliances Atlas, Vol. 1 — 1952.) 

Three Sizes: SMALL — up to 3 months; Mepium — 
3 to 6 months; Lance — over 6 months. 


One Halter 

Two Halters 


Choice of colors: white, yellow, and pink. Orders 
filled i diately — shipped postpaid. 


MINNESOTA ORTHOPEDIC SERVICES 


4035 Regent Avenue North 
MINNEAPOLIS, MINNESOTA 


Now ready . . 


SURGEONS RECOMMEND 


Boston Preparatory Limbs 


For conditioning of stumps, and morale building, by 
permitting amputee to become ambulatory at earli- 
est possible date. 

Hospital Service 


SUCTION 
SOCKET 
LIMBS 
Latest PERMA- 
NENT 
MENT IN LIMBS 
Puastic of 
LAMINATE English 
Arms (in Willow 
accordance and 
with Alcoa 
National Aluminum 
Research 
Council 
procedure) 


BOSTON ARTIFICIAL LIMB CO., Ine. 


“Certified Prosthetists” 
Oldest and largest Limb Mfg. Co. in New England 
69 Canal Street Tel.: La. 3-6518 Boston, Mass. 


. the only complete reference guide to 


CLINICAL ELECTROMYOGRAPHY cihns A. Marinacci, M.D. 


' A Brief Review of the Electrophystology of the Motor Unit and Its Application to the Diagnosis 
and Prognosis of Lower Motor Neuron Diseases, Peripheral Neuropathy and the Myopathies 


Electromyography is to peripheral nerve injury as X-ray visualization is to bone fracture. 


This monograph now opens the door to an understanding of this newly established 
modality and to its practical application to a wide range of medical problems. 


xxi + 201 pages, 6 plates, references, index. Cloth, $6.00 


San Lucas Press 


ALSO: Ceresrat Patsy: A Brief Introduction to Its History, Etiology, and Pathology, with Some Notes on the Re- 
sulrant Clinical Syndromes and Their Treatment, by Cyril B. Courville, M.D., 1954. 80 pp., 28 illus. $2.50 


A MODERN CORRECTIVE SHOE 
FOR EVERY rthopedic NEED 


TARSO 
PRONATOR ® 


For club feet and 


316 North Bailey Street 


Order from your dealer 
Los Angeles 33, California 


or from the publisher — 


metatarsus varus. 


TARSO MEDIUS® 


TARSO SUPINATOR® 


For the postural 
correction of 
flat feet. 


Tarso shoes are fitted on prescription at better shoe stores. 
Write for neorest dealer or use your regular supplier. 
Brochure on request. 


In answering advertisements, please 


 MARHELL 


Pairs or single shoes. Straight, neutral last shoe. 
D tailed to match Tarso 
Pronator. Pairs or single 


shoes. 


SHOE COMPANY, INC. 
332 S. Broadway, Yonkers, N. Y. 
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THE MONTREAL | 
* GENERAL HOSPITAL 
Orthopaedic Course } Q 
Examination preparation for Orthopaedic Certifi- .’ 
cation or Fellowship in the Royal College of ; 
Surgeons of Canada given by members of the ) i 
Department of Orthopaedic Surgery of The 
Montreal General Hospital. ‘ : q 
The first part of the course consists of a weekly ( 
reading list covering consecutive phases of ortho- \ \0 
7 paedic surgery, and a written question which , 
is corrected and returned to the candidate with r } 
comments. General surgery can be included for 
the Fellowship candidates if desired. The second p y 
t part of the course is optional and consists of practi- r ( THE NATIONAL SOCIETY FOR 
. cal teaching starting in Montreal in September. N J CRIPPLED CHILDREN AND ADULTS, INC. 4 
11 S. LASALLE STREET, CHICAGO 3, ILL. 
‘ Tuition Fees: 
PART I—$150.00 PART ti—$75.00 4 
This Society works for the 
rehabilitation of both children 
Apply to: The Registrar, Postgraduate Board d adul 
and adults. » 
THE MONTREAL GENERAL HOSPITAL 
60 Dorchester St. E., Montreal, P. Q. 
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